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BACKACHE DUE TO INDUSTRIAL INJURIES* 


SAMUEL KLEINBERG, M.D. 


New York City 


HE study of backache result- 
ing from injuries is of consider- 
able importance to those en- 

gaged in the practice of industrial 
medicine and to the insurance ¢ar- 
riers. To orthopedic surgeons, the 
subject 1s of special interest because it 
is timely that they gather and correlate 
as much information as possible, and 
that they classify their knowledge and 
arrive at a unanimity of opinion, so 
that their judgment as to the etiology, 
treatment, and general conduct of a 
case of backache may be expressed 
with confidence and assurance, and 
be based on wide experience and 
thorough analysis. It is furthermore 
the duty of orthopedic surgeons to 
teach those interested in industrial 
surgery what they have acquired in 
their studies, which have been made 
deliberately and thoughtfully and with 
better opportunities than are avail- 
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able, for instance, to the general prac- 
titioner, who is often compelled to 
treat in haste and to pass judgment 
with insufficient experience and equally 
meager information. 

We have three important questions 
to answer relative to a case of chronic 
backache due to an industrial injury. 
First, has the claimant really a back- 
ache? Second, admitting that he has, 
what is the etiology and what is the 
pathology responsible for the back- 
ache? Third, if there is a competent 
cause for the backache, how long will 
the pain and disability last and what 
disposition of the case with regard 


to compensation shall we advise? 


ESTABLISHING GENUINENESS OF 
COMPLAINT OF BACKACHE 


We may for convenience divide our 
cases into two groups, those confined 


to bed and those walking about. 
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Bed Ridden Cases 


In the first group the problem of 
differentiating between patients who 
are telling the truth and those who 
are malingering is not a very difficult 
one. lsually in the case of a patient 
confined to bed beeause of pain in the 
back, there is some evident lesion 
such as a fracture of the spine with 
dislocation with 


cord symptoms, a 


evidences of nerve pressure, a very 
painful condition such as sciatie scolio- 
sis In which every movement may be 
very uncomfortable, or some similar 
manifest and easily recognizable lesion. 
furthermore, where there is an actual 
cause for the pain, the patient is 
usually anxious to co-operate in the 
examination. The malingerer, on the 
other hand, very often attempts to 
act stupidly, is unwilling to co-operate, 
complains of pains and discomforts 
that have no bearing on and no rela- 
tion to the site of the alleged injury. 
In these and many other ways the 
malingerer leads us to suspect that he 
is fabricating. In the cases confined 
to bed, close observation of the patient 
and of the manner and nature of his 
complaint, coupled with our own judg- 
ment of human nature, can be de- 
pended on to decide the question as to 
whether or not the patient is truth- 
ful in his statements. 


Ambulatory Cases 


in the ambulatory cases there are 
three requisites for a reliable opinion: 
(1) The patient should be placed in 
a hospital for (2) he 
should be under the supervision of a 


observation: 


disinterested surgeon; (3) the surgeon 


should make a slow, deliberate, and 





THE JOURNAL OF INDUSTRIAL HYGIENE 


sympathetic study. These measures 
have served me well in the study of 
cases in which there was some doub' 
about the nature of the injury, or the 
veracity of the patient. 
Ifospitalization.—Hospitalization is 
desirable for several reasons. Thes 
patients are usually sent to surgeons 
of experience and mature judgmen: 
Probably the surgeon selected js 
thoroughly occupied during his brief 
office hour, and, therefore, may not 
and probably would not have enough 
time in his office to devote to a slow, 
systematic investigation of the ques- 
tions at issue. I[urthermore, in the 
hospital one can have the co-operation 
of the house officers and the no less im- 
portant assistance of the nursing staff, 
both of groups may be 
thoroughly trained to inquire into 
and investigate and observe all of the 
doubtful situations. If, for instance, 
one is questioning the ability of the 
patient to bend his spine, the patient 
may be on his guard when the phy- 
siclan is examining him, and _ hold 
his back so rigidly that it will be im- 
possible for the surgeon to differen- 
tiate alleged and genuine 
stiffness of the spine. On the other 
hand, a nurse may, during her rounds 


which 


between 


in the ward, devise many ways in 
which to test the truthfulness of the 
claimant’s complaint by suddenly re- 
quiring him to stoop for one reason or 
another. The claimant tested when 
off his guard is most likely to expose 
his real self. In addition the claimant 
who finds himself in a hospital, sur- 
rounded by many patients who are 


really sick and suffering, may be influ- 
enced to tell the truth about himself 
and not to exaggerate his symptoms. 
Another point in favor of hospitaliza- 
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tion is that the history in every case 
ean be obtained much more deliber- 
ately and thoroughly by a trained 
‘ntern, who has infinitely less to do 
than the attending surgeon, than it 
can be by the surgeon’s secretary or by 
the surgeon himself working under 
pressure. In this way important de- 
tails may be discovered and the find- 
ings may be more accurately inter- 
preted. 

Supervision of a Disinterested Sur- 
geon.—The second requisite in pass- 
ing judgment in an ambulatory case of 
chronic backache is that the examina- 
tion shall be made by a disinterested 
surgeon. ‘Thisis of prime importance. 
We all know that, in instances where a 
patient with a chronic complaint has 
been treated unsuccessfully during a 
period of months or years, there 1s 
general embarrassment of the patient 
and the physician, both of whom wel- 
come a change. When this relation- 
ship between doctor and patient has 
existed for a long time, the judgment 
of the surgeon is also likely to be 
warped, and he may not be in a posi- 
tion to think as clearly and decisively 
as one who sees the claimant afresh. 
There is a further factor which we are 
duty bound to face. When the physi- 
clan is being paid by the insurance 
carrier he may unconsciously incline 
his opinion to favor the company. On 
‘he other hand, if the surgeon is being 
paid by the patient, there is the possi- 
bility that he may favor the patient 
by an exaggeration, albeit unconscious 
and honest, of the patient’s difficulties 
and disability. In either event the 
‘Tue state of affairs may be distorted. 
When a patient is placed in a hospital 
inder the care of a surgeon who is 
disinterested, however, as far as the 








3ACKACHE DUE TO INDUSTRIAL INJURIES 269 


effect of his examination on either the 
patient or the insurance company is 
concerned, that surgeon can give an 
abler and truer opinion than one who 
is paid by one or the other. 

Deliberate and Sympathetic Study of 
Case.—And now we come to the third 
requisite in passing judgment in an 
ambulatory case of chronic disability 
of the back, namely, a slow, deliberate, 
and sympathetic study of the history 
of the case, the findings, and the pa- 
tient. The chief element in this study 
is sympathy. We all have seen the 
type of case under discussion. The 
patients are usually of foreign birth 
and cannot accurately communicate 
to us a clear history of the injury or 
a consecutive story of the effects of 
the injury. When a hurried examina- 
tion is made we are likely to discour- 
age the patient from telling us all that 
he could and would. On the other 
hand, if the physician spends plenty 
of time with his patient and convinces 
him that he is interested in him, he will 
gain the patient’s confidence, and in 
return the patient will become con- 
fidential with the surgeon, and will, 
if gently urged on, tell his story in its 
entirety. Thus the surgeon will be 
able to obtain, collect, and classify 
all of the information that appertains 
to the case and be enabled to pass a 
proper judgment. 

Now let me emphasize what we 
have been discussing by citing two 


case histories: 





John P. injured his back about two 
vears ago. He was immediately referred by 
the insurance carrier to its doctor who was 
a very prominent surgeon. He was given 
an iminediate support and after a number 
of weeks physiotherapy was instituted and 


maintained for many months. The diag- 
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nosis in this case was injury of the back. 
The hospital history showed that no at- 
tempt had heen made at a more definite 
dingnosis: at least no other was recorded. 
After two years the patient still had back- 
ache and disability, but as there was no 
gross deformity, he was considered a ma- 
lingerer. He was referred to me by the New 
York State Department of Labor for an 
This patient was taken to a hos- 
pital. A careful history showed that he 
had had and disability 
after his accident and that these symptoms 


had been present ever since. My examina- 


opinion. 


immediate pain 


tion revealed a hollow in the region of the 


fourth lumbar vertebra, shallow, to be 
sure, and easily overlooked, but neverthe- 
There 


was also restriction of all the lumbar mo- 


less distinct and always present. 


tions and marked tenderness over the fourth 
lumbar. Roentgen ray pictures showed a 
forward subluxation of the fourth lumbar 

This man was, of course, 
The 


tions had been incompetent. 


vertebra (Fig. 1). 


no malingerer., previous eXamina- 

I.. 8. complained of pain in the middle of 
his back, especially when leaning against 
an object such as the back of a chair. He 
had sprained his back nine months previ- 
ously in lifting an object, and it was thought 
that he had only a sprain and should have 
already recovered. There had been no ex- 
ternal evidence of any other injury, ale 
though it was known that he had struck his 
back against a wall during his accident. 
X-rav pictures had not been taken, and it 
that the 


aggerating his 


Was assumed patient was ex- 


symptoms because he 
looked well, walked without a limp, and 
held normal posture. My 


study showed that he had an ununited frae- 


himself in a 


ture of the left transverse process of the 
first lumbar vertebra, which naturally ac- 
counted for his disability. 


My findings thus lead me to em- 
phasize that not only must the exami- 
ration by the surgeon be thorough and 
inclusive of all parts, but the supple- 
mentary investigations by the labora- 
assistants must be 


tory competent. 


lor instanee, a hazy, indistinct X-ray 
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picture may be misleading and may 
prevent the surgeon from recognizing 
the cause of the disability. 

A careful study of a patient with 
chronic backache, made in a hospital, 
by a disinterested surgeon, in a deliber- 
ate and sympathetic manner, wil! 
certainly yield a large number of posi- 
tive results in identifying the causes 


AND PATHOLOGY OF 
3,ACKACHE 


ETIOLOGY 


When we have determined that th 
patient really has a chronic backacl: 
we must investigate its etiology an: 
pathology. This study may be facili- 
tated by a division of the cases int 
two groups, those due to a bone lesio: 
and those due to a lesion of the sof 
tissue. This study is not an exhaus- 
tive one, but is merely an attempt at : 
practical classification of those types 
of backache, and of those lesions caus- 
ing backache, which ordinarily com 
under our supervision. 


Backache Due to Bone Lesion 


Under the division of backache du 
to a bone lesion we have the following 


Causes: 


1. Fracture of a vertebra. 
a. Body. 
b. Processes. 

2. Fracture of scapula. 

3. Fracture of ribs. 

4. Fracture of pelvis. 

5. Congenital vertebral malformation 
a. Asymmetry of body or processes 
b. Spina bifida occulta. 
c. Supernumerary vertebrae. 
d. Missing vertebrae. 

Congenital lesions of ribs. 
). Spondylolisthesis. 
Lateral dislocation of a vertebra. 


nN & 


Dislocation of sacro-iliae joints. 
9. Arthritis of spine. 


a, Ri eee (ERE 


~~ 
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vacture of a Vertebra.—In a fracture 
he body of a vertebra diagnosis 1s 





|.—-Lateral view of the lumbar spine 
rtebra The outlines of the vertebr 


uted by a history of an injury 
ecaused il sudden foreed flexion 
body, AS in receiving re | blow (1) 


ick while bent forward. The 


~ distinetly localized at the site 


of the injury. There is localized ten- 
derness, and there may be an angular 


showing forward subluxation of the fourth 


ae have been purposely emphasized, 


deformity of the spine. The X-ray 
pictures, 1f properly taken, are. defi- 
nitely indicative of the loeation and 
extent of the fracture. The presence 


ati motor and SCTSOrY changes will aid 
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in the differential diagnosis, which is 
the 
thorough ana competent. 


easily made if examination is 


A fracture of a transverse process 


usually results from a direet blow on 


the baek. -T do not reeall a single 


Instance in Which there was not a dis- 


tinet history of ty direct Trauma, 


though conceivably a fracture May 


result froma strong muscular foree, 
A fracture of a spinous process is 
always the result of a direct INJUry, 
lt bay OCCUP as an Isolated lesion, but 
usually It Is pean of on very extensive 


Injury to on vertebra. Its absolute 


din@nosis Is possible only hy a positive 
lnteral roent@enog@ram, 

leractures of the lrina Or pedicles 
“are found only SUS Peer Of a more CXTCT- 
sive injury, such as fracture of a verte- 
bral body, spondytlolisthesis, or lateral 
veriebra. — | 


displicement ol og have 


never seen nense in which there was an 


undoubted, Isolated fracture Ot +} 


lsarnvinn ()} ot ‘1 vertebral pe dicle. The 


COMIONEST lesion of this 


eroup Is a 


Praeture of ‘1 Transverse Process, 
Several processes, usually on the same 


The 


lragments may be in contact or widely 


side, may be broken (lig. 


separated. “Phe symptoms vary from 


bemg muld and inconsequential to 


being very severe, continuous, snd 


disabling. 


Several vears ago | examined an 


industri Case In which there was no 
complaint referable to the hac, hut | 


hound 7 distinet fraeture ot ‘1 lumbar 


(dn the other hand 


vertebra. ound this 


Is very Important to keep im mind, in 


Pan stances thie disability ray 


persist lor any months. In the 


susceptible inelividlusnl. aware of the 
diagnosis, the symptoms may be pro- 
Is OrTenter (lis- 


longed, Usually there 


a  _ 
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comfort in those cases with separat 
of the fragments than in those wi 
These fraeturos 
occur frequently and are found usu: 


there is no. hiatus. 


In the lumbar region. They ocew 
the cervieal and dorsal spine only ; 
complication of a fracture of the bh 
have on 


or of a disloeation. | 


seen an isolated fraeture of a do 


transverse process. “The healing takes 
place very slowly and never by a) 
Nonunion is not 


When disabilitv and 


comfort have persisted for a long (| 


abundant enallus. 
frequent. 


I deem it advisable to remove the out 
fragment. 
Fracture of Seca pula, A Practur 

the senpula OCCUTS either through 
neck or through the body of this bor 
There Is il 


vio. 


history 


direet blow ()T) the shoulder, ()T) 
scapula, or on the arm, or of a sever 
wrenching of the arm. “The fraeture is 
linear and may be single or multip! 
Ina fracture of the body there is usu- 
sully slight displacement or none at all 
In fractures of the neck of the senpul 
there may be 
the 


diagnosis is difficult because the SViNp- 


some vertieal displhace- 


hy 


ment of vlenoid Process, | 


LO ms sHmulate those ()] 


usually 
shoulder injury and do not direet one > 
attention to the seapula; the N-ray 
pictures are usually indistinet. ‘Tl 
patient complains of pain in eithe! 
the shoulder or the upper part of th 
back, and of difPeulty im moving 

examination 


shoulder. Careful 


reveal localized tenderness otf 
body ot the scapula or tendernes 
the axilla in the ease of a traetut 
the neck. The diagnosis Is reveal 
tain only hy a Positive \-ray pp 
\s the X-ray tube is centered (Ve 


shoulder in cases of this type, one 
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ine the films rather earefully, tically ho disability. In one instance 
ewise a linear defect in the seapula of fraeture of the neck of the seapula 








& 
¥ 
e 
aes 
a: $ - 
3 





racture of the lott [Transverse processes Of the second, third, fourth, and fifth 
vertebrae with Increasing separation of the fragments from the second to the last 
vertebrae, The arrows point to the outer tragments, The outlines of the frag- 


— 


ive been purposely emphasized 


( overlooked, No special treat- 1) cLT) old Pean, stiffness of the shoulder 
is necessary beyond moderate — lasted over a year. 
bilization of the arm against the Fracture of Ribs.-This lesion often 
The prognosis is good, as the causes backache when the break = is 
ey occurs rapidly and leaves praec- through the vertebral extremity. Usu- 








to 
~] 
—_— 
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ally there is localized pain and tender- common to see several ribs. brok 
ness, and the N-ray picture shows a The symptoms may be severe fo) 





big. 3.) Showing multiple fissure fractures of the body of the seapula. The film 
retouched so that the fracture lines would show in the print. In the original film 
fracture lines appear irregular and ragged, The arrows point to the lines of fracture. 


break in the rb with moderate or — few days and then rapidly subs! 


little vertical displacement of the frag- usually disappearing entirely in ab 


ments. In the exceptional case there a month. Exceptionally, there n 
may be an interval between the frag- be disabling pain and tenderness 
ments. In industrial injuries it is several months. This does not 
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on the severity of the lesion and — of the pelvic bones may be broken or | 


e found in a linear fracture which — several of the bones may be fractured 


2 








» 
Pn 
lG. 4 \-rav pieture of the pr lvis of an old man who was in an auto- 
YY Obie aeceldent. { )r) One side (>t the pelvis it wil! by SECT) thiat there aie 


Iwo fractures of the ascending ramus of the pubic bone and a fracture of 

ihe descending ramus at its junetion with the isehium. On the other side 

there is a fracture of the descending ramus of the pubic bone at its Junetion 
th the ischium and a fracture of the ascending ramus which has been 
splaced downward very marked! 


healed; it is probably due to simultaneously (ig. 4). Not infre- 
of the eallus upon the inter- quently the bones on both sides are 
herves, broken, with resultant deformity of 
© of Pelvis, —Fracture of the the pelvis. In the order of fre- 
ccurs frequently among indus-  queney the fractures occur in the 


cidents, Sometimes only One Os pubis, in) the ischium, and in 








| 
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the ium. “Phe exaet mechanism 


the freaeture Is diffieult ta) determine, 


WT 
i 
VI This patient, VOrOUS VOUNE 
Stereoscopic X-ray pietures of the pelvis we 
FC rTCOSCOPIC films and shows definite 
in the 


rayt 


upward « 
Ont space of the Upper portion ol the left sacro-iliae joint and rotation of the 
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foramen is redueed in size and alte; 
In shape. 


In a traeture of the iin 


his preture 1 


sa print of one ot 
splacement ot the I 


lj ‘ft ilium, 


an mere 


() MOMMA, as Inddiented byy the faet that its width, as Sec in the \-ray pieture 


narrower than threat ot) the opposite side 
Wpper one points to the tnerense 
placement of the ilium 


bOuunt 


in the 


but one usually obtains a history of a 


direct: blow. Phe multiple fractures 


occur in a crushing injury. The frae- 


ture may be linear or communuted, 
The entire substance of the bone is 
involved, with displacement of the 


fragments resulting ino a change in 


the shape and size of one or both sides 


of the pelvis. Oecasionally One Sees 


nh ocase of partis fracture or linear in- 


fraction of the ischium. l{ the pubis 


qr isch Is broken, the obturator 





The arrows 


the side of the 


t hi lower one poini - 


are on Injury. 


space, to the upward 


the fraeture line Is most often antero- 


posterior and there is rarely any 
placement or alteration of the pel 
In the 


there may be damage to the pelvic 


form. very) severe inj 


urinary organs, or severe sprain 


even fraeture dislocation of on 


In the lat 


ease there may be marked rotation 


both snaero-iliae joint S. 


the affeeted os innominatum (Tig. 


The symptoms in the uncomplic: 


ease are rather muld. In some 


~ 
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is so slight that the patient does 
rake to bed; the fracture heals and 


t) This pleture Is that of the lumber 
twisted her spine There is late 


iscoverec only aecidentally months 
Its occurrence. Usually there is 
lerate pain in the region of the 
uk. In the first fortnight there 
be loeahzed swelling and= dis- 
oration, There Is alwys localized 
lcerness which tends to last for 
months. LT have seen eases in 
there was) tenderness SIX nna 
months after the Injury : the \- 
pictures showed that the fracture 
Caled and there was only aostiall 

tot callus, evidently the heal- 

Cs on very slowly. The disa- 
lists for at least several months 


ct stniple Praeture. lr) fret ies 


of the ium there is moderate. low 


baekaehe. In those eases in which 





spine of a woman who tell on her back I ry 


rid disp! neceme ntl of t hy fourth | lnbar vertebra 


there is associated injury to the sacro- 
line jomts, the backache is severe and 
miav be disabling. In the first few 
weeks of a fracture of anv part of the 
pelvis there is usually moderate re- 
striction of the spinal motions and 
resultant disability because the mo- 
tions in the back cause movement at 
the site of fracture. 

The treatment depends chiefly on 
the associated lesions. If there is oa 
lesion of the pelvie or urinary tissues 
it demands immediate attention, lon 
the fracture, nothing helps but rest 
and oo moderate immobilization — by 


hess olin erreular (anne ()}' plastes ()] 
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Paris bandage, or perhaps a single or 
double spiea bandage. Walking may 
be permitted two to four weeks after 
the injury. No attempt at improve- 
ment of the position of the fragments 
is necessary or advisable. In several 
cases of recent comminuted fracture 
of the pelvis in females, Pattempted by 
gentle vaginal manipulation to reduce 
the displaced fragments, but) never 
sneeecded. In one case of fracture ot 
the os pubis with moderate displace- 
ment, the attending physician insisted, 
against Wey adviee, on attempting LO 
Improve the stlignment by foreed ab- 
duction of the leg on the same side, 
under an anesthetic The result was 
disnstrous beenuse the displacement 
Was Inerensed ana the patient suffered 
OPC prin fOr many months 

Che prognosis in uncompheated 
fracture of one or more of the bones of 
the pelvis is good. With conservative 
treatment the fracture heals and the 
patient lies rarely more than teCnipo- 
riury disabilitv. In cases with marked 
deformity. there may be permanent 
disabilit, lta contracted pelvis has 
1 sulted. Inort female. we must anticl- 
pate diffieulty im childbirth. When 
Ovo lateral distortion of the pelvis 
has occurred, as In eases ot fracture of 
the pelvis With disloeation Ol One oO} 
hoth SHero-1iae joints, ‘ lip ana difth- 


] 


14 
culty WW) Walking rrdea result, he- 


] 


COTITLN im & Cas with 3 simple reve tiurre 
of the os pubis, which I treated, there 
occurred a complicating subperitonea! 
hemorrhage with infection, and, for- 
tunately, spontaneous rupture of the 
abscess nto the rectuy with complete 
recovery 

(conge) Hii] Walformation. and Lvwe- 

On Spina bifida occulta, hemi- 


vertebra. an extra or missing vertebra. 


absent ribs, fused ribs, fused yey o. 
brae, and enlarged vertebral transye, « 
processes may predispose to trauma: jc 
lesions giving backache, but by thi 
selves they do not cause sympto) 
This view is accepted by all physici: 
except in relation to large transy 
processes in the fourth and fifth | 
bar vertebrae. Some beheve that 
transverse process on the fifth lum 
large enough to be in econtaet \\ 
the lium In certain positions ot 
body, Or long enough tO CouUuse 
tinuous friction, CAUSCS backache 
sciatie pain. This may be true oce: 
sionally, but the mere presence of 
abnormal process is not suffieient 
account for backache unless there is 
definite and consistent relation 
tween the anatomic anomaly and t] 
SViInptoms. lt is the experience 
Inany of us that we often diseover thi 
presence of abnormally large trans- 
Verse Processes, simple Or bificd, 
eontact with or connected by ra joint 


with the rum, which do not give any 





svinptoms. In rare instances loealize 
pain and tenderness over an unusual 
large process mav warrant advising 
removal, We must reeall, howe 
that the process has been present 
many vears prior to. the symptor 
which are probably due to an inju 
of the adjacent tissues. Furtherm 
removal of the last lumbar transv 
process Is a difficult) operation 
unfortunately Is not always follo 
by the anticipated relief of the pal 
\ good X-ray pieture is) indisp 
sable to the diagnosis of a lesion 
Transverse process lt is well 
unless the pieture is absolutely pat! 
nomonie, not to rely On one \ 


or one film. lor instanee. in the « 


ofa congenitally small transverse | 














~ 


()\\ al 


> 4 nduloli: thesis.- 


nino 


teral shadows. 
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process and an adjacent fecalith, 
appearance may simulate a frac- 
of a normal transverse process. 


veral views will explain the simula- 


[It is well to emphasize that in a 

of fracture the adjacent surfaces 
the broken process are irregular 
the 


process, 


not smooth. In case of a 


{transverse view 
the 


vith the ilium, while a second 


One 


show process in intimate 
caken at a different angle may 


wide interval between the 


—The symptoms 
backache—stiffness and tenderness 
back—are indicative of an injury 
he back. If there is a distinet 


w above the sacrum, it is very 
fieant of a forward slipping of a 
tebra. It 


because 1n 


is not a pathognomonic 


persons with 


irked lordosis, especially in stout 

en, there is often seen a marked 
pression above the sacrum. How- 
r, at times it may be so marked and 
limited to the area just above the 
rum, that it is a reliable sign of dis- 


The 
pointed 


tion, X-ray picture, as I 


several times, Is 
the 
r view there is seen an outline of 
superior surface of the dislocated 
ebra beneath a column of quadri- 


out 


ognomonie. In anteropos- 


yr’? 


[in the lateral view, 


' course, the anteroposterior displace- 


makes the diagnosis self-evident. 


ome surgeons have questioned 


ther this lesion is ever traumatie, 
that it is a congenital defect 
result 


fa) 


cannot irom an 


injury. 
seen 


which 
picture was found 


several eases in 


Lracteristie 


Ff a severe muscular effort 


is prior thereto there was no 
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discomfort or deformity at the lumbo- 
sacral junction. It may be entirely 
true that in some persons there is a 
congenital defect in and about the 
lumbosacral area which predisposes to 
spondylolisthesis, but | certain 
that in a large percentage of the cases, 
particularly in the 
brought on by a trauma, which is 


ali 


men, lesion 1s 
usually caused by muscular effort. 
The best treatment, I believe, is a 
fusion operation using a bone graft. 
Conservative treatment employing 
prolonged rest and immobilization may 
suffice, and I have seen several patients 
progress fairly well under such care. 
Theoretically, however, it appears 
more reasonable to ankylose a spinal 
which weak ligamentous 


area has 


structures. Attempt at reduction of 
the dislocation, in our present state of 


information of the 


physiology and 
mechanism of the spine, is unwar- 
ranted. The proposed manipulations 
are crude and unscientific, and do not 
accurately deliver a reducing force. 
In the only case in which I attempted 
reduction by manipulation, I was un- 
successful and the patient suffered 
much discomfort for several days. 
Lateral Dislocation of a Vertebra. 
This lesion may be pathologic, second- 
ary to a disease such as tuberculosis or 
syphilis, and as such it 1s seen com- 
monly. It has no special significance, 
and is recognized only by the X-ray 
examination, 
tie 


giving no characteris- 


clinical symptoms. It may be 


not infre- 


quently seen complicating an extensive 


traumatie (Fig. 6). It is 


fracture of the spine. As an isolated 


traumatic lesion without an accom- 


panying fracture it 1s very rare. It 
causes the usual symptoms of a trau 


matie lesion of the back—namely, 
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backache, stiffness, limitation of spinal 
motions, and disability. The diag- 
nosis can be made only by an X-ray 
examination. ‘The lesion is apparently 
caused by a direct blow in which the 
body is twisted laterally. 

Dislocation of Sacro-lLliac Joints.— 
This lesion occurs rarely, and only 
as the result of a very severe injury 
either during parturition or when there 
are multiple fractures of the pelvis. 
The evidence of the dislocation is so 
clear The 
are 
sacro-iliac 
they are not 


that it is unmistakable. 


symptoms in a traumatic case 


the 


Usually 


* 


referable to affected 


joints. very 
marked in the early stages or they are 
overshadowed by the severity of the 
symptoms of the associated conditions. 
In the 


very little discomfort and slight dis- 


later stages there may be 


ability, or there may be marked back- 
The 


pain is only exceptionally intense. I 


ache and difficulty in walking. 


have seen several cases of dislocation 
of the sacro-illaec joints and multiple 
fractures of the pelvis in which healing 
progressed favorably; though the pel- 
vis was greatly distorted by the frac- 
ture dislocation and the eallus forma- 
tion, there were very few symptoms. 
When the symptoms are pronounced, 
as in the occasional traumatic case and 
commonly in the obstetric cases, an 
arthrodesis is advisable. 

Minor degrees of dislocation or sub- 
luxation cannot be diagnosed with any 
vannot be 
demonstrated with certainty by any 
of the ordinary clinical methods, al- 
though it must be admitted that the 
lesion is theoretically possible. 


measure of accuracy and 


some 
roentgenologists use the term rather 
loosely, and without competent rea- 
sons refer to instances of slight appar- 
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ent increase in the intra-articular join; 
space as cases of dislocation of the 
sacro-iliac joints. I have seen many 
cases in which the joint space on on. 
side was greater than that on the other. 
but there were no symptoms referab], 
to it nor was there a history of any 
injury. A much more debatable find- 
ing 1s that in which the inferior borders 
of the adjacent articular surfaces of 
the ium and sacrum are not on the 
same horizontal level, but are sepa- 
rated a quarter of an inch or there- 
about. If such a finding is present 
in the face of a history of an injury, 
and the symptoms of pain and tender- 
ness are referred to that locality, | 
may be permissible to believe the con- 
dition to be one of traumatic partia! 
dislocation or laxity of the joint (se 


_ 


hig. 5). Ihave met with two or thr 

such cases. I hasten to add, however, 
that I have several instances 
with apparent vertical displacement in 
the but with n 
history of trauma and no symptoms 


seen 
sacro-iliac joint, 


referable to it, indicating that th 
finding may be an anomaly. 

Arthritis of Spine.—It has long be: 
a debated subject as to whether 
injury can cause an inflammation 0! 
the spine. Some physicians have eve! 
denied that injury can aggravate 4 
existing spondylitis. My expericne 
leads me to answer both questions 1! 
the I have seen man} 
patients with osteo-arthritis of th 


affirmative. 


spine who were apparently perfectly 
well up to the time of the injury: 
at least it is certain that they had be 
able to do their usual work which, 
some instances, required much be: 
ing. Irom this information it is nece* 
sary to conclude that the patients 1: 
had no pain, and that the spines had 


etn 





| 





| 
| 





~ 


» mobile. Following the injury, 
in, disability, and stiffness appeared. 
en the backache lasts for years and 
apletely disables the patient. In 
s type of case in which many mar- 
sal osteophytes and the usual symp- 
ms of osteo-arthritis are seen, one 
uld not say that the osteo-arthritis 
been caused by the injury, for 
ny of the osteophytes antedate the 
ced accident, but the injury evi- 
ntly caused damage to the adjacent 
parts or stirred up and aggra- 
doa latent inflammation, thus 
ringing about a disability which is 





tumatie in origin and compensable. 
| Nobody today doubts the fact that 
| n injury applied to an inflamed knee 
| ankle, be it tuberculous, syphilitic, 

ectious, or of some other variety, 
ould cause an aggravation of that 

flammation. It has also been defi- 
itely proved that an injury to a joint 

e the knee or the hip may be directly 
responsible for a tuberculous invasion. 
in the same manner the spine may be 
the seat of a locus minoris resistentiae, 
nd through an injury it may be made 
susceptible to a hematogenic infection. 
| have seen definite instances in which 
‘patient was perfectly well prior to 
ihe accident which initiated a distinet 
nilammation of the vertebral joints. 
or example the following cases are 


i 
fe 


lyn C., 40 years old, was well before 
She was able to walk, dance, 
rk regularly. She fell and struck her 





\t first she had pain in her back and 
| erate stifIness and it was thought that 
' | imple contusion. Some months 
yinptoms persisted, stiffness ap- 
ind the X-ray showed haziness of 
e. A spinal fusion was advised, 
peration it was found that the 


nd seni . ae wr 
14 Spinous processes were soit 
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and evidently diseased. This was unques- 
tionably a case of traumatic spondylitis. 

Pasquale C., 36 years old, was referred to 
me by the New York State Department of 
Labor. He was well until two years before, 
when he fell off a ladder and struck his back. 
He had immediate backache and disability, 
both of which persisted. Examination 
showed marked muscle spasm and restric- 
tion of the spinal motions. The X-ray 
pictures showed rarefaction of the borders 
and haziness of the articular processes and 
facets of the lumbar vertebrae. He evi- 
dently had a traumatic spondylitis. 


Backache Due to Lesion of Soft 
i as 
[issues 


Jackache may also be the result of a 
lesion of the soft tissues such as the 
following: 


1. Derangement of sacro-iliace joint. 


2. Sprain of vertebral joints. 
3. Strain of muscles of back. 
4. Gluteal myositis. 
5. Sciatic scoliosis. 


Derangement of Sacro-lliac Joint.— 
This is a clinical entity the picture of 
which is familiar to all of us. I would 
define it as a lesion resulting from a 
severe or sudden muscular effort such 
as lifting a rock, pushing a wheel- 
barrow, hauling a heavy load, or rising 
suddenly from the stooped position. 
The patient complains of pain over 
the sacro-iliaec area which is moder- 
ately tender. The motions of the 
back are restricted and the patient 
has a variable degree of disability. 
There may be associated symptoms 
such as pain in the sacro-iliae joint 
on lateral compression of the pelvis, 
on upward pressure on the ischium, 
or on straight leg raising on the same 
or on the opposite side. The X-ray 
picture is negative. It is impossible 
to give an exact account of the pathol- 
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ogy, for no acute cases have come to 
autopsy and very few to immediate 
operation. In all probability there is 
an acute sprain of the joint with 
synovitis and some injury to the sacro- 
iliac ligaments. If the symptoms per- 
sist, a definite arthritis may ensue. 
This has been proved by Dr. Smith- 
Peterson. 

‘The mild or 
severe, may be temporary and disap- 


symptoms, whether 


pear completely. In some persons the 
condition recurs frequently and may 
become chronic. The symptoms may 
persist following the initial attack and, 
because they are chiefly subjective, 
difficulty may arise in explaining and 
justifying prolonged disability. Our 


experience, however, is sufficiently 
broad in both industrial and civil aeci- 
dents to warrant the assertion that 
acute traumatie derangement of the 
sacro-iliac joint may persist and cause 
prolonged disability. In a compen- 
sation case, when one is assured that 
the claimant is not malingering, lo- 
ealized pain and tenderness over a 
sacro-illae joint and persistent disa- 
bility are sufficient to establish the 
diagnosis of derangement of the sacro- 
iliae joint. 

Sprain of Vertebral Joints.—As a 
effort fre- 


quently occurs a sprain of the lumbar 


result. of muscular there 
joints, most often of the lumbosacral 


joint. Irom an anatomic arrange- 
lumbar 
vertebra, the latter tends to slip off 
the 
muscles are continuously under severe 
Clini- 


v one frequently sees persons who, 


ment of the sacrum and last 


sacrum, and the ligaments and 
tension and are easily injured. 
Ci }] 
mn rising from the stooped position, 
experience a sharp pain in the lumbo- 


sacral area. 


This joint becomes very 


a 
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tender and the motions of the lun). 
spine are partially restricted. Tho 
symptoms, while at times severe, aye 
usually of short duration. 

Occasionally we see also sprains oj 
the other vertebral or the costoverte- 
bral joints. In the dorsal region this 
lesion 1s very infrequent because of ¢] 
ample protection through the skeleto; 
of the thorax, the numerous muscles 
the many short ligaments, and 
small range of motion in this segmen: 
of the spine. 

Strain of Muscles of Back. 
The muscles of the back may }|y 
injured through sudden or prolong: 
effort or through direct injury as i 
contusion. Usually there is local p: 
and tenderness leading to disabilit 
‘The are ti 
porary and rarely disabling for mor 


on effort. symptoms 


than a short period. In exceptio: 
instances the backache persists { 
the following 


several months. as in 


Cases. 


Walter H., aged 50, 
lifting a heavy weight of iron several mor 


before I saw him. 


strained his bae 


He complained of « 
The X-ray picture vy 
negative, but there was marked tender 
He had a ch 


strain, perhaps a myositis, of the lum! 


tinuous backache. 
of the lumbar muscles. 


muscles. 

James M. injured his back in a fall s 
months previous to the time I saw him. 
had 


which had already healed. 


fracture of several 


He had per: fe 


pain in his 


sustained a 


ent though moderate 
however, and definite tenderness of the 


sal and lumbar muscles, indicative 





chronic strain or myositis of his s; 
muscles. 


Gluteal Myositis.—This lesion 1s 


rare occurrence. It is usually fow 


after a violent effort in which the | 


teal muscles undergo unaccustom 
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strain, or in a fall in which there is 
severe wrenching or direct injury of 
the gluteal tissues. ‘The patient com- 
nlains of pain and marked tenderness 

the buttock; he has difficulty in 
lying prone or supine. 
lying on the unaffected 
de. with the hip on the painful side 
at vec. 


tion. The gluteus medius 1s more 


walking or 


Sitting or 
is the most comfortable posi- 


often involved than are the other glu- 
| 


ea, i 
C chl . 


The diagnosis is based on the 


clinical picture alone, as there is as yet 


no histologic evidence. The symp- 
toms tend to persist for weeks and 
onths and are usually relieved by 
hysiotherapy. In the more resistant 
cases it is advisable to operate and 


rip the gluteals from the ilium. 


ri 


c Scoliosis.—This 1s a painful 


ndition of the back and one lower 
}in which the trunk is persistently 

ent forward and to one side. It is 
not a disease entity but a symptom 
esulting from a lesion of the lumbar 
of the saero-illac joints, from 

uteal myositis, or from sciatica. The 
ormity is so conspicuous that the 
The 


portant point is to decide the exact 


gnosis 1s never questioned. 


\ion of the lesion and the pathology 
ch will the 
reatment, 


determine course of 


SIDERATION OF DISABILITY 


((OMPENSATION 


AND 


Vhen we have determined that the 
ant has a due to a 
petent producing cause, and when 
ve discovered the location of the 
On and its exact 


backache 


patnology and 
ustituted appropriate treatment, 
ve a third question to answer in 
LION to 


compensation for such 
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eases. ‘The prognosis looms up as a 
very important phase of our considera- 
tions and brings up the questions 
as to how long the symptoms will last 
and what the ultimate functional re- 
sult will be, and what 
should be made of the ease. 
queries 


disposition 
These 
‘annot be answered briefly, 
and in every case involve a study of 
numerous factors, 


some of which |] 


shall now discuss. 


Duration of Symptoms and Disability 


The symptoms and the disability 
may be prolonged for many reasons. 
lirst, the lesion may be a severe one 


and require months or years for a 


proper healing. We may confidently 
expect a simple fracture of a rib to be 
well in six to eight weeks: a sciatic 
scoliosis may be cured in six months; 
but a fractured spine will take a 
usually 


much longer before the claimant can 


minimum of one year and 
do any work, and if his job involves 


never be 


laborious duties he may 
able to return to it. 
Second, there may be a preexisting 
lesion which has been aggravated by 
the recent injury and which causes a 
prolonged illness and partial or per- 
manent disability. I would like again 
to refer to a familiar occurrence. <A 
patient with a quiescent osteo-arthritis 
of the spine suffers a strain of the back 
by hfting an unusually heavy load. 
Under ordinary conditions we expect 
a man having a strain of the spinal 
muscles or ligaments to be well in a 
few weeks. In the example chosen, 
however, the backache and disability 
persist and there is increasing stiff- 
ness of the spine. ‘This may continu 


to complete or nearly complete anky- 
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losis of the spine with a high percent- 
age of functional disturbanee. ‘The 
X-ray pictures show an advanced de- 
gree of osteo-arthritis which was evi- 
dently activated and aggravated by 
the simple injury of strain of the 
back. It 
nize 


is well also that we recog- 


and acknowledge the fact that 
in laborers healing often takes place 
more slowly than in the nonlaboring 
class. Jam now referring particularly 
to those who are engaged in strenuous 
physical labor and not to the white 
This 


employees. apparently 


apply to open wounds but to 


collar 
does not 
“closed injuries” like sprains, contu- 
sions, wrenching of joints, and so 
forth. | 


of the wrist and ankle which ought to 


have seen simple sprains 


be well in two weeks last for many 
months, and an uncomplicated sprain 
of the lumbosacral joint cause dis- 
ability for several years. I do not 
know of any convincing explanation of 
this fact. 

Third, the symptoms and the dis- 
ability in a compensation case may be 
mental 
attitude or psychology of the patient. 
We 


dealing with 


prolonged as a result of the 


must bear in mind that we are 
a group of people who 
work daily or nearly so, year in and 
year out without respite, and who 
have but little opportunity for change, 

After an 
accident the claimant recognizes that 


he r& Fe ad 


relaxat i nm. or recreat ion. 


an injury and he may be- 


come acutely conscious of the fact 
that asa result of it he is suffering pain 
and ci Perhaps he has barely 
escaped a very serious injury and he is 
sensitized and begins to give much 
thought to his body. ‘This sensitiza- 
tion is exemplified in the custom 


struetural ironworkers all of 


among 
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whom on a given job will stop work for 
the day when one of their men falls 
from a height. The laborer also in- 
terprets the compensation law as indi- 
ating that the state is obligated to 
him, owes him a debt of support, and 
his injury is his passport to enter the 
realm of compensation. It may also 
be the claimant’s first opportunity to 
have a vacation, and he is anxious to 
prolong it. ‘The patient’s nervous sys- 
tem may be severely upset so that he is 
unusually susceptible to discomfo: 
of all kind. I recently had a rathe: 
sturdy Swedish laborer who injured 
his back and fractured one 
transverse process. 


umbar 
His convalescence 
progressed satisfactorily and at the 
end of several months I expected him 
to return to work. As the weeks 
passed, however, he became fretful. 
He feared that his back was going to 
be permanently disabled. This was 
fostered by the fact that when he tried 
to lift a chair he had pain in his back, 
and he concluded that he had a per- 
manent disability. This led him to 
brood and he became melancholy. 
Our efforts to cheer him were in vain 
tie gradually became mentally un- 


- ] 
’ 


balanced and he is at present, eight- 


een months after his injury, still out 
of work and a charge on the state and 
on the insurance carrier. 

Finally, the disability and the period 
of compensation may be prolonged 
because the patient has lost self-con- 


\ 


fidence. A window cleaner or struc- 


tural ironworker. for instance, falling 


from a height and sustaining mil 


injuries, may get well of his inju 


in a short time, but having 


confidence in himself he may not 
able to return to his original occup2 


This 


tact b& 


tion for a long time. 





ho 
On 
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thoroughly appreciated by all insur- 
anee earriers who always allow an 
extra period of time in which to per- 
ait the claimant to regain his self- 


lance. 


Disposition of Case 


\ppreciating the numerous factors 
erent in the nature of the injury 
din the mental attitude of the pa- 
tient which tend to prolong the conva- 
lescenece In a compensation case, we 
must be extraordinarily careful to 
y quickly and expertly the best 
medial measures. I believe that 
drawback in the successful man- 
nent of a compensation case is due 

. the fact that some insurance ¢ar- 
are very nearsighted financially, 
believe that they profit by em- 
ploying inexperienced physicians, be- 


| 
, 


se they can buy the services of 
such men with small payments. That 
this is a fallacy can be seen from the 
avorable statistics of some of the 
rge establishments, factories, mills, 
nines where the most expert 
clans and surgeons are employed. 


s evident that expert service which 


‘ available at the time of the accident 
uch more valuable than expert 
d service when called in months or 


ars after the accident, and when the 

thologie conditions, which might 

: readily have been eradicated if treated 

early, have been permitted to take 

and to produce permanent and 
arable damage. 

s disheartening to enter a com- 

nsation bureau and face the large 


er of inexperienced and indiffer- 


** , 


ysiclans in whose hands and to 
e Juagment innumerable patients 


r 17 t+ wa aced 4 } ss 
: ntrusted. Many physicians seek 





compensation cases as a means of 
temporarily making a living while 
they are attempting to develop a 
practice in general medicine or to 
develop a reputation in some special 
field. Industrial surgery is a highly 
specialized form of surgery and _ re- 
quires special training Just as does any 
other specialized field. What we ac- 
tually find, however, is that recent 
graduates do most of the work, often 
without any supervision, as if a frac- 
ture of the femur, a juxta-articular 
injury of the phalanges, a fracture of 
the spine, and an infection of the hand 
are simple lesions easily managed. | 
am in accord with Dr. William O’ Neill 
Sherman of Pittsburgh who, in a recent 
article! on treatment of fracture of the 
femur, repeatedly insists that he who 
undertakes to treat an injury must 
prove that he is equal to the job. 
The fault hes both with the doctors 
who seek unusual financial reward 
without adequate preparation or abil- 
ity and with the insurance carriers 
who desire at the end of the year to 
show to the management that they 
have had a small medical bill. 

To emphasize this point I should 
like to cite the instance of a recent 
graduate of my acquaintance who 
spent six mornings a week at a large 
industrial clinic. For this work he 
received $100 a month, or about %4 
for a morning during which he exam- 
ined and treated on the average thirty 
patients. ‘This represents an average 
expenditure for medical treatment of 
about 10 cents per patient. ‘The 
pathetic feature of it all is that the 


iSherman, W. O’N.: Operative Treat- 


ment of Fractures of the Shaft of the 
Femur with Maximum Fixation. Jour. 
Rone and Joint Sure., 1926, N.S. & 494. 





ne 0 NT I 
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patient got only 10 cents’ worth of 
service and no more. 

In the ordinary course of events, in 
the backache 
resulting from industrial accidents, not 


treatment of cases of 
all are cured; some are only improved. 
This group interests us particularly, 
for sooner or later it is appreciated by 
all that so far as further improvement 
is concerned the case is at a standstill, 
and a radical change is necessary. I 
believe that in a case of chronie back- 
ache, when efficient and expert treat- 
ment has been provided for a sufficient 
time and the maximum improvement 
has been obtained, and when further 
treatment because of the nature of the 
lesion or the psychology of the patient 
will be of no avail, it is not only ad- 
visable but desirable and highly bene- 
settle the will 
a wholesome effect on the pa- 


ficial to ease. ‘This 
have 
tient from many aspects, and at the 


same time will remove the claimant 


as a charge upon the insurance car- 
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rier. When a cease is settled, the 


claimant promptly realizes that he 
‘an no longer go to complain to the 
company’s physician, that he cannot} 
expect any further from 
him or from the company, and that hy 


assistance 


must depend on his own resources: 
hence he rapidly again becomes selj 
reliant. Being free to do as he pleases 
the claimant will, in the event of 
disability, thoughtfully turn to a les; 
hazardous and one to 
Often, too 


a settlement means that the claimant 


occupation, 
which he is now fitted. 


is given a lump sum of money which 
may enable him to enter a small busi- 
ness requiring light labor, but yielding 
a satisfactory income. 


Thus, a settl 


ment of a case is beneficial because it 
eads to a healthier state of affairs 
The claimant desensitizes and rehabili- 
tates himself by exerting greater effort 
and by engaging in labors to which he 
is equal and in which he can obtain a 
livelihood. 
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THE WET KATA-THI 


CRMOMETER 
5 


AS AN INDEX OF THE SUITA- 


i\ pt 
BILITY OF ATMOSPHERIC CONDITIONS FOR HEAVY WORK* 


from 
lat 
oe H. M. Vernon, M.D. 
: l} Investigator to the Industrial Fatigue Research Board, London 
of INTRODUCTION the effective temperature method indi- 
a : a on eated that it ought to be higher, 
oon N aprevious articlein Tris Jour- ,._, on 4 
Yaglou completely confused the issue 
ic Ww NAL (1) I endeavored to show that ; ' ! ' 
by assuming that a kata with a clothed 
OQ “ 


imant 


. 2 
Whielh 


for most purposes the cooling 


power of the air, as estimated by the 
drv kata-thermometer, affords a better 


mperatures make no allowance at all. 
is obvious that if the subject of 
periment is moving back and forth 


between two chambers, one of which 
tas a higher temperature and higher 


r velocity than the other, he cannot 

come acclimatized to either set of 
onditions. Yet Yaglou (2), in a suc- 
eding article to mine, maintained 
at the effective temperature index 


KOS clase 


account of acclimatiza- 
while the kata takes no ac- 
of aeclimatization. Further, 
n | pointed out that observations 
de on many hundreds of subjects 
ted that, owing to acclimatiza- 

& given sensation of comfort 
rienced during the summer corre- 
nded to 9 


that required in the winter. while 


lower cooling power 


ceived for publication April 29, 1927 


bulb ought to be used in certain of the 


observations. It is almost needless to 


| : say that our cooling power observa- 
MUSI- ndex of comfortable sensations than hie ; ' 
Adi, 7 er tions and calculations at all times re- 
see does the effective temperature, as es- ' 
att] :' late to one and the same instrument, 
etl imated by the two-chamber method , 
) | 7 fl namely, the naked dry kata-thermom- 
US! Pittsburgh). My chief arguments in tga 
ffair Sol” nae eter. This instrument | have re- 
au) favor of cooling power determinations ; ': ; , 
ahi] mat peatedly calibrated against various 
netate vere that they automatically make a . a 
ff | ; experimental air velocities and tem- 
ello considerable allowance for acclimatiza- i 
ch he 7 ; ics peratures, and it is the only one con- 
A tion, While on the other hand effective : 
“ cerned in our discussion. 


I pointed out in my article that the 
cooling power—as estimated by dry 
kata-thermometer—applies only to in- 
dividuals engaged in light work at 
ordinary temperatures. Tor those 
engaged in heavy work, and especially 
for those working at high tempera- 
tures, the readings of the wet kata- 
thermometer are a better index of com- 
fort and of the suitability of working 
conditions. Such individuals would 
be covered with perspiration, and 
would therefore react to variations in 
the velocity, temperature, and hu- 
midity of the air in a somewhat similar 
manner to that in which the wet mus- 
lin-covered bulb of the kata reacts to 
them. I did not record any experi- 
mental data in support of my conten- 
tion, as there were none available, but 


[ have recently, in conjunction with 
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T. Bedford and C. G. Warner (3), ing places in two pits. In one pit the 
made an investigation on the efficiency workings visited varied in depth from 
of coal miners in relation to atmos- 540 feet to 2,715 feet, and the tem- 
pheric conditions, and these results perature, from 63° (dry bulb) and 59 
fully support my claim that the wet (wet bulb) to 89° (dry bulb) and 82 
kata cooling power is the best available (wet bulb). In the other pit th 
index of comfort and of the suitability workings varied in depth from 1,459 
of working conditions. feet to 2,200 feet, and the temperatur 

| . from 77° (dry bulb) and 69° (wet bulb 
WORKING CAPACITY OF ‘ OAL MINERS 4, 97 (dry bulb) and 80° (wet bulb 

ai RELATION - ET Kats We usually remained at a working 
COOLING Power place for about three hours, and, after 

The determination of the working setting up our kata-thermometer ap- 
eapacity of coal miners cannot be paratus at a spot as near as possibli 
arrived at by the familiar method of | to where the collier was usually stand- 
measuring output, for the ease with ing, we systematically noted down th 
which the coal is obtained varies rest pauses taken by the collier 
greatly from day to day, and even colliers present forthe next two hours 
from hour to hour, inthe same work- or so. We divided these rests int 
ing place. It varies still more in three categories, according as_ the 
different working places in the same were (a) purely voluntary, (b) invol- 
seam, While in different seams the untary (due mosily to the fact that 
working conditions may be so different the men sometimes had to wait for 
that output comparisons may be ab- tubs into which to load the coal), or 
solutely futile as a measure of working (c) due to time spent in talking about 
capacity. We were tnerefore driven work with a mate or foreman. We 
to devise tests which would apply made rest pause observations on 13 
almost equally to all colliers, whatever miners altogether, for an averas 
the ease or difficulty of their working _ period of ninety-six minutes each, t 
places. The tests adopted were two twenty-minute meal time, which 1 
In number: v7z., a rest pause test, and always taken in the course of t! 
a tub filling time test. morning, being ignored. 

As the result of observations in In addition to the rests, we not: 
various heavy industries (4), we found the time taken to fill the tubs w 
that the men invariably take short coal. These tubs held half a ton ea: 
rests from work every few minutes, and took 6 to 15 minutes to fill, 5 
and that the more arduous the work 9 minutes being the most usual tin 
is, the longer and the more frequent On an average we ascertained 
are the rests. They are taken spon- time taken to fill 5.2 tubs at 

neo In consequence of fatigue, working place. 
ind their duration affo2 measul In Table 1 we have classified 
of the fatigue experienc ‘e have results in six groups according to 
obtained evidence in support of this wet kata-thermometer cooling po | 

ment by makin ' ic ob- of the air. This ranged from 1* | 
ry CO] r ! f O - 6.4 in the various FTOUDpSs, and 
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4] he seen that, as it fell, the total rest work to a similar extent. ‘The actual | 
L the , . ‘ 
: nayses taken by the men gradually working capacity of the men would | 
iron es . 
tem- q a : in : — — " , : > a — 
rT TABLE 1.—REST PAUSES AND TUB FILLING TIMES IN RELATION TO WET | 
eu KATA COOLING POWER 
1 82 = —= » | 
oNU | | TEMPERATURE | KATA COOLING | | EFFEC- : 
- en ANGE OF WET | | " | tn.” ‘| POWER | 2 Ot eee 
L 4.50) cident | BER OF | TOTAL all | ;} “| TIVE 
3 KATA COOL- | | so | FILLING | ————— —— | ——____ - VELOC |.nesome 
‘ \ en OBSER-| RESTS | TIME Ty Wet | ITY TEMPER- 
Lure ING PO DF aie wi Tu >U ? TTP 
-ATIONS | . | Dry t | ATURE 
| ATIO | Bulb Julb | Dry | Wet | } 
yu _ on : - 
1} | | min. | | | | | ft. per | 
ULD | | min. | . op | op | per | op 
os. | per hr. | atte | Kr. | P. | | | min. | ' 
ftor 9 10 16 10 7.3 | 8.0 | 73.5| 66.0| 5.6 | 18.6] 87 | 65.8 
| 16 6.7 86 | 70.1] 65.6) 4.8 | 146/| 34 65.8 
‘P 2 17 90 | 8.5 | 81.7| 73.6! 3.1 | 12.9] 46 | 75.3 
SH 10 47 10.0 9 2 80.8 74.1 2.8 10.8 35 75.8 
und- . 42 11.1 9.1 | 82.4) 76.2) 2.4 9 0 18 77.8 | 
; 6 22.4 9.6 86.2 79.3 Py | 6.4 10 $1.2 
yr 
rABLE 2.—WORKING CAPACITY IN therefore be proportional to working 
| RELATION TO WEI aor time per hour divided by tub filling 
they COOLING POWER ' . 
, time. Converting the working ¢ca- 
Bt = e . 
r So : pacity so assessed into percentages, 
| a = = we see from Table 2 that under the 
| pi Z most unfavorable atmospheric condi- 
( - “ < RATE OF PRODUCTION : ; = 
BZ 7 < tions the working capacity of the men 
é C - a was only 59 per cent. as great as under 
Vy ~ S — .. @ rr 
| = a E the most favorable conditions. ‘The 
| min results are plotted out as continuous 
, min. , ° . — ; 
per kr. lines in Iigure 1, and it will be seen 
8.6 62.7 8.0) 52.7+8.0=6.59=100 that the working capacity fell off at | 
\\ 1 2 2 r2 92.9 RR‘ — . 
as 8.6 53.3+8.6=6.20= 94 4 more and more rapid rate as the wet 
Z LO 85, 51.0+8.5=6.00= 91 " , | To 
10.8 | 50.0 9.2'500+92=5.43— 92 kata cooling powel diminished, the 
: 90 48.9 9.1 | 48.9+9.1=5 37= 81 fall being especially rapid when the | 
6.4 | 37.6 9.6! 37.6+9.6=3.92= 59 cooling power dropped from 9 to 6.4. | 
Pe: WorKING Cavacity oF Coat MINERS | 


nereased from 7.3 minutes per hour to 
-<.4minutes, while the tub filling time 
ncreased from8 minutes to 9.6 minutes. 


I. 


IN RELATION TO [CFFECTIVI 


seems reasonable to assume that if Accompanying the fall in wet kata 
men took 20 per cent. more time cooling power, there was a rise in the 

a tub when the conditions were dry bulb and wet bulb temperatures, 
avorable than when they were and a fall in the air velocity. Hence 
vorable, they would slow down their there was inevitably a rise in the 
te of hewing coal and of doing other 


effective temperature, which combines 








variables into a single 


expression. ‘The efieective tempera- 
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1.4 


than the rise 


through which is somewhat 
the 


dry bulb and wet bulb temperatures, 


ereater 


shown by 


and this faet might be taken to show 


that ihe effeetiv temperature Was at 
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pauses taken, while the tub filling 
time is almost unaffeeted. In conse- 
quence, the working capacity of the 
men, instead of falling off 41 per cent. 
as it did when the resuits were ¢al- | 
culated on the wet kata basis, shows, | 


fall of only lO to 15 per cent. Th 





much less striking relationship o 
working capacity to effective tempera- 
ture than to wet kata cooling powe) 
is well brought out by comparing th 
dotted line curves in Tigure 1, which 
relate to effective temperature, with 
the continuous line curves, which | 
late to wet kata cooling power. 
Probably the effective temperatu 
index considerably underestimates th 
Importance of air velocity in its infh 
ence on working capacity, and the: 
is reason for thinking that th 
kata cooling power likewise under- 
estimates it to some extent, thoug! 
not so much as effective temperature 
does, 
data 


kata basis 


On splitting up groups of the 
previously classified on the wet 
into two halves, according 
as the air velocity was low (under 25 
feet per minute) or high (over 26 feet 
per minute), the results shown 
‘Table 4 obtained. It 


seen that in the high velocity grou 


were will b 


the men took shorter rest pauses al 
less time to fill tubs than they did 
the low velocity group. In 


COLSC= 
quence, their working capacity was 
per cent. greater; and this in spite 0! 
the fact that the effective temperatul 


was 5.7° higher. The wet kata coo! 


Ing power Was practi ically the SA 


the two groups, so it erred to son 
extent as an index. 

Again, when the results were cl 
sified On the basis of iri kata cool 
power, 1t was found that the worku 
varied widely | 


aApacity more 


« 





“egy 
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BLE 3.—REST PAUSES AND WORKING CAPACITY IN RELATION TO 


EFFECTIVE TEMPERATURE 


. - RATE 
- NUM- TUB me 
GE O1 BER OF | TOTAL) FIDL- | , ‘ 
i ra : rit _ 
CTIVE OBSER- | RESTS | ING 
ATURE Nag ae ; _ DUC- 
VATIONS rIME | . 
rlON 
Min. P 
i per hr we 
GS 17 \ () Ss 4 100 
10 7.0| 9.3 v2 
75 11 8.9 8.8 v4 
f rae) o4 1] 7 7) < . 
' 16 13.4) 8.4 90 


TEMPERA- KATA COOL- EFFEC- 
TURE ING POWER AIR rIVE 
VELOC-| TEM- 

Drv Wet Few | Wes ITY PERA- 
Bulb |) Bulb TURE 

| a a [ 
seid 

64.5 O2.2 BD. 4 1).2 IS 62.1 
77.2 | 68.6 45) 15.6 73 69.5 
40.4 | 6-2 3.3 1 11.4 27 74.4 
83.9 76.0 2.4) 10.1 30 78.0 
87 3 79.5 1s SY OU 81 3 


BLE 4.—INFLUENCE OF AIR VELOCITY ON WORKING CAPACITY 


per hr. 
ne time (min. 


production 


re Dry bulb 
Wet bulb 

Dry 

ower Wet 


city (ft. per min. 


Ve temperature I. 


they were classified on the basis 
ective temperature. ‘The average 
ata values of the suecessive 
ps, and the corresponding rates of 


uction, were the following: 


Kata Rate of 

Powe? Production 
100 
SO 


( 


S4 
74 


~~ 


io 


\) 
q+) 


this s emingly ereater de- 


Q] working capacity on drv 


‘ t ’ a " 
ng power (which contains no 


AIR VELOCITY 


Low High 
Y 6 1.8 
9 0 S 6 
50.4+9.0 52 .2+8.§6= 
5.60 LOO 6.07 LOS ) 
74.1 83.1 
69.2 74.9 
oS 2.9 
12.4 12.1] 
1D oD] 
70.6 76.3 


wet bulb temperature factor) than on 
effective temperature (which does con- 
tain a wet bulb factor) is due to the 
fact that the dry kata cooling power 
makes a much larger allowance for air 
velocity than effective temperature 
does. 

Another method employed for test- 
ing the correctness of the effective 
temperature index was to split up 
groups of data (previously classified 
on the wet kata basis) into two halves, 
according as the effective temperature 
was low or high. From Table 5 it 
will be seen that the low temperature 
group had an effective temperature 
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6.5° lower than the high temperature 
group, and apparently in correspond- 
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direct effect depends on the fact tha: 
any rise or fall in dry bulb temperature 


TABLE 5.—INFLUENCE OF EFFECTIVE TEMPERATURE ON 
WORKING CAPACITY 


Rests 
Tub filling time 


eis rae ids te REE 


min. 
Rate of production 


Temperature | Dry bulb 
(°T*.) Wet bulb. 
Kata cool- Dry 


ing power Wet 


Air velocity ({t. per min.) 


Kifective temperature (°I. 


ence with this fact both the rest pauses 
taken and the tub filling times were 
rather shorter. ‘Taken together, they 
showed a working capacity which was 
7 per cent. Ingher than that of the 
high effective temperature group; but 
a portion of this increment must have 
been due to the somewhat greater wet 
kata cooling power observed in the low 
temperature group than in the high 
one, 

The data have been grouped and 
tested by other methods in addition 
to those mentioned (cf. (3)), but it is 
unnecessary to quote them at length. 
The general conclusion arrived at is 
that the power, 
though not a perfect index of working 
capacity, is much better than any 
other available index such as effective 
Now the wet kata 
cooling power, in contradistinetion to 


wet kata cooling 


temperature, 


the effective temperature index, de- 
pends only on the wet bulb tempera- 
ture of the air and on air velocity, and 
is not affected by the dry bulb tem- 


perature, except indirectly. This in- 


EFFECTIVE TEMPERATUR! 


Low Hich 
ede ai-ade ncaa eae Q 1 10.1 
Serer S.6 9) OQ 


50.9+8.6= 
5. 92(=107) 


49.9+9.0= 
5. 94( =100 


err 79.0 R4 5 

70.4 76.3 

3.4 2.4 

were 11.4 10.9 
ewauend ewes 18 3O7 

eee ry Tr 71.6 78.1 


automatically affects the wet 
temperature. 


bulb 
If, for instance, moist 
air with a dry and a wet bulb tempera- 
ture of 70° is warmed till its dry bulb 
temperature reaches 80°, the wet bulb 
temperature 
about 74°. 


rises to 
If it is warmed to a dry 
bulb temperature of 90°, the wet bulb 
temperature automatically 
about 78°, and so on, each rise of 


automatically 


‘Og { 
TISeS () 


in the dry bulb causing a rise of about 
0.4° in the wet bulb. 


INFLUENCE OF MuscuLAR WoRK IN 
THE LABORATORY ON EFFEC- 
TIVE TEMPERATURE 


contradiction to ou! 
observations on coal miners, Hough- 
ten, Teague, and Miller (5) have re- 


cently found that when men are per- 


[In apparent 


forming muscular work they are 
much affected by the dry bulb ten 
perature of the air as when they a! 


resting. ‘The investigation was mad 


by the two-chamber method, in whic! 
the subjects passed back and forth be- 











tha; .yeen two chambers, in one of which 
ture ‘he air was at a higher dry bulb tem- 
yerature and lower relative humidity 
‘han in the other. The muscular 
work consisted in raising and lowering 
.40-pound weight 5 feet, the operation 
eing repeated seventy-five times in 
sve minutes. For the next five min- 
utes the subject passed back and forth 
between the chambers; then he re- 
neated the weight raising. This 
procedure was continued for two 
hours. The effective temperatures ob- 
served, for subjects clothed in shirt 
and trousers, fell between those pre- 
viously observed in resting subjects 
normally clothed and in resting sub- 
ects stripped to the waist. That is 
pull io say, the dry buib temperature is 
olst apparently just as important a factor 
eT 2- when heavy muscular work is being 
done as when it is not. It 1s to be 
1D remembered, however, that the ef- 
LO fective temperature is an estimate of 
ary the sensation of warmth felt by the 
bulb subject, and in the experiments in 
0 question it was presumably the 
i warmth felt toward the end of a five 
Ul minutes’ rest from work, after the 
subject had passed back and forth 
several times when assessing his sen- 
rx sations, and not his sensation of 
warmth when actually performing the 

hard work. Again, the sensation of 

warmth is a comparatively immaterial 


UO) 





point for a subject engaged in hard 
wuscular work. What we really re- 
to know is the influence of 

per- ‘mospherie conditions on working 
: pacity, and it is almost impossible 

ascertain this in the laboratory. 
ven if the weight raising (with a 
iter weight) had been continued for 


or eight hours instead of for two 
's, 1t would not have been possible 
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to ascertain the true influence of 
atmospheric conditions, unless the 
experiment had been repeated day 
after day; for a man can always, if he 
wills it, perform an excess of muscular 
work for a limited period which he 
would be quite unable to maintain 
regularly for several hours on a num- 
ber of successive days. I found, for 
instance (6), that when pulling a 
dynamometer regularly at intervals of 
one and one-half seconds, my strength 
of pull fell to a certain level (ranging 
from 106 to 247 pounds according to 
the conditions) in the first four min- 
utes, and then remained steady for as 
long as I cared to continue (e.g., 
eighty-eight minutes), even though I 
felt myself getting more and more 
tired, and knew that I should feel 
fatigued the next day. 

Hence a valid test of working ca- 
pacity in relation to atmospheric con- 
ditions must be made under actual 
working conditions such as we ob- 
served in coal miners. Unfortunately 
it is difficult to find the particular 
conditions desired, but we are hoping 
to make further series of observations 
by our method in mines with consid- 
erable variations in the relative hu- 
midity of the air. 


AiR CONDITIONING IN MINES 


It is particularly desirable that 
further observations on working ca- 
pacity in relation to humidity be made, 
as Yaglou (7) has made a claim for the 
air conditioning of mines which I 
believe to be erroneous. He suggests 
that the intake air should be condi- 
tioned by saturating it with moisture, 
for this procedure lowers the effective 
temperature by reducing the dry bulb 


temperature to the same level AS the 








a re aN 











294 


bulb 
the 


wet temperature, It does not 


alter wet bulb 


temperature at 


TABLE 6.—SHOWING RELATION OF 
DEW POINT TEMPERATURE TO 
COMFORT AS RECORDED BY 
BRUCE (8) 


TEMPERA- 
TURK 


MIZE 

ghee Bx Qo m SENSATIONS 

= so 1/e8|a& ,X PERIENCED 

mH = SSlee 

's “ wr |S 

-_ ~ - ma -—_ = 

—" — 

os | ' i’, 

111 82 24 | 66.0 Hard work done 
without discom- 
fort. 

77 75 Bie: 2 BG litt ; depress 

dé io ‘ io.” onaitions adepress- 
ing. 

Q() s] 62 75.5 Efficient mental or 


physical work 
practically im- 


possible. 


all, but the method suggested im- 
plies that there is no special discom- 
fort attaching to hard work in an 
atmosphere saturated with moisture. 
Though very little evidence on the 
subject is available, the instances re- 
corded by Bruce (8) for temperatures 
experienced in mines and elsewhere at 
Sydney (see Table 6) suggest that even 
a moderate degree of humidity is un- 
desirable if the temperature is high. 
Thus we see that air with a wet bulb 
temperature of SI” and 62 per cent. 
saturated was very unpleasant com- 
pared with air having a wet bulb of 
82° but a low humidity. Perhaps a 
slight addition of moisture to the in- 
take air of a mine would be useful if the 
air happened to be very dry, but even 
this step seems a very doubtful one. 


lence 1t may be most misleading to 
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argue on the subject of air condition- 
ing from the standpoint of effectiy 
temperature. 





PuystoLocic IMPORTANCE OF EFFrEFr- 
TIVE TEMPERATURE INDEX 


In addition to observations on ¢! 
sensation of warmth, Yaglou and }) 
colleagues investigated the effect 
high temperatures on other physio- 
logie reactions such as rectal tempera- 
ture, pulse rate, and body weigh: 
Yaglou maintains (7) that these roe- 
actions followed the effective tempere- 
ture index as closely as could be ex- 
pected, regardless of dry bulb or wei 
bulb temperature, or of relative hu- 
midity. He records a table of results 
(7, Table 1) obtained with three sub- 
jects at rest, stripped to the waist, 
and I am reproducing this table in 
part in Table 7, together with a fey 
extra data taken from the origina! 
paper (9). The rise in rectal tempera- 
ture forms the most reliable guide, and 
this alone is shown, owing to consid- 
erations of space. In some cases 
has been corrected slightly, so as to 
allow for the small differences of ei- 
fective temperature, and the propor- 
tional rise in rectal temperature 
various humidities is recorded in terms 
of the rise observed in saturated au 
lOO. It 


at a relative humidity of 60 per cen! 


taken as will be seen tha 
the rate of rise was, on an average, &: 
high as in air saturated with moisture, 
but at lower humidities it was smalle1 
especially when the air was only 15 to 
saturated. Hence thes | 
data offer but imperfect support 


5 per cent. 


Yaglou’s contention. They also indl- 


> + 
CALC 


as has been pointed out 
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appea;rs that efiective tenipera- 


} . 


Such evidenee a 


lich was shown in a previous 
cie to be inferior to the dry kata 
ling power as an index of comfort 
persons engaged in light work at 
erate temperatures, is 


‘ ‘ } | 


ie lor persons engaged in heavy 


still less 


© | 


5s We 


pi ISSCSS 


biichts yaglou and his colleagues—that inany work at high temperatures. For them 
Ctivi -e the effect of the dry bulb tempera- the wet kata cooling power is found to 
BLE 7.—RISE IN BODY TEMPERATURE IN RELATION TO EFFECTIVE 
TEMPERATURE 
‘} 3 
aise In|" PROPORTIONAL RISE IN RECTAL 
ec- | TEMPERATURE RELA- anim ,7, RECTED) TEMPERATURE WHEN PERCENTAG!} 
ret TIVE ans ‘| RISE IN RELATIVE HUMIDITY WAS 
dy MPER- HUMID- | 5.4. | RECTAL 
“y e ITY _ "|! TEMPER ; — 
Dry Wet Y TURE mee . 100 Q)] 6H) 30 LD ~) 
4 Bull Bulb ATURE 
Vs S 7 cr F. per 7 
FB. F, ( hr. F. 
ye} 
orl 06.0 106.0 106.0 100 4.27 1 36 LOO , 
° 106.2 120.0} 104.6 60 4.70 108 
106 4 157.0 100.4 L5 4. 60 4.51 103 
eC] 
101.3 102.1 101.2 99 2.93 LOO os 
+ 3 114.0 99.3 60 2.74 LOS 
Q 1299 3 97.5 30 2.45 2.28 90 
| 130.0 96.4 30 2.44 2.51 99 
Sut - 
P 146.0) 93.6 Is 1.90 | 1.93 76 
AIS 19.0 99.0 98.9 100 2.08 100 | 

1.0) 112.0 96.7 60 2.00 96 
fey 
— 97.1 94.6 9] 0.85 100 
ea 
— 94.9 106.0 92.2 60 0.72 0.77 9] 

CTa- 5.2 120.0 89.2 30 0.87 0.84 99 
and 144.7 SILLS ) 0.75 SS 
S1da- ; 

— 100 101 96 39 
ef- is small at high atmospheric be a far better index of the suitability 
T peratures, l‘or instance, they of atmospheric conditions. It is true 

ow that at an effective temperature that effective temperature is stated to 
rms 106° a rise of 51° in the dry bulb be an index of warmth rather than of 

mperature is equivalent to a fall of | the suitability of working conditions, 
h iy 5.6° in the wet bulb. but no object is gained in knowing the 
. sensations of a man if they are not 
{ ONCLUSION 
: reflected in his capacity for work. 


indi- 


cates that it 1S an erroneous principle 


to condit ion 
creasing its 


lowering its 


the 


relative 


dry 


bulb 


humidity 


air oft mines by in- 


’ ] 
and 


temperature, 


while leaving the wet bulb tempern- 


ture 


unchanged. 


Air 


that 


is 


] 
COOILCT 
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but more humid—though of a lower 
effective temperature—appears to be 


F 


3. 


. Vernon, H. M 
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much more trying to work in than ajr 
that is warmer and less humid. 
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TEMPERATURE, HUMIDITY, AND AIR MOVEMENT IN INDUS- 
TRIES: THE EFFECTIVE TEMPERATURE INDEX* 


C. P 


YAGLOU 


Department of Ventilation and Illumination, 
Harvard School of Public Health, Boston, Mass, 


INTRODUCTION 


T is now well recognized that the 
atmospheric conditions in indus- 
tries exert an important influence 


on the output and health of the work- 


rs. The suitability of the physical 
vironment for work and comfort is 
ot determined alone by the chemical 
urity of the air or by its tempera- 


ture. Humidity and air movement 
as well have an important bearing, 
necause they determine the heat loss 


evaporation and convection. 


A eorrect index of comfort must be 


ased on the capacity of the environ- 


ment to remove heat from the body. 


. 


> 


‘his is true because comfort depends 


largely on the maintenance of a proper 


alance between heat production from 
vithin and loss of heat from the skin. 
ihe body temperature is maintained 


a result of this balance. Thus if 


neat loss is retarded, the temperature 


the body rises, producing feelings 
discomfort and depression and 
nally resulting in serious physiologic 


uamage, 


ihe evidence accumulated in recent 


iTS 


|) (2) indieates conclusively 


" Presented at the Congress of the Royal 
titute of Public Health in the City 
chent, June 1 to 6, 1927. Received for 
ication May 12, 1927. 


f 


that the body does not resemble either 
a dry or a wet bulb thermometer in 
its thermal properties. For this 
reason the kata-thermometer (8) was 


devised, which, it was supposed, 
closely approximated the thermal 


properties of the human body. More 
recent researches (4) (5), however, 
showed that it did not adequately 
represent the true condition. 

In seeking for an exact thermal 
index of atmospheric conditions (2), 
we ascertained what combinations of 
temperature, humidity, and air move- 
ment produced sensations of equal 
warmth and then evaluated these com- 
binations in a single index called the 
“effective temperature index.” 
found subsequently that 


It was 
various 
physiologic responses were apparently 
stimulated by and regulated in ac- 
cordance with this index. 


EFFECTIVE TEMPERATURE INDEX 


I“ffeetive temperature Is not a tem- 
perature in itself, which, like dry or 
wet bulb temperatures, can be 
measured by ordinary thermometers; 
it is an arbitrary index of the sensa- 
tion of warmth experienced as the 
result of temperature, humidity, and 
air motion; it combines these three 
factors into a single value. This index 
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was determined experimentally at the 
Research Laboratory of the American 
Society of Heating and Ventilating 
engineers at Pittsburgh, Pa., by ecom- 
paring sensations produced by difter- 
ent combinations of temperature, 
humidity, and air movement in two 
These rooms were 


adjoiming rooms. 


especially designed for this purpose 


and were equipped with modern air 
conditioning apparatus by means of 
which any desired temperature, hu- 
midity, and rate of air movement 
eould he 

The principle underlying the effee- 
that, for 


any given degree of warmth or com- 


maimtained., 


tive index is 


Lemperature 


fort, the temperature, humidity, and 


velocity of the air may vary consider- 


abty, so long as their combined effect 


remains the same. for instance, if 


the temperature of the air is increased, 


either its humidity must be = cor- 
respondingly decreased, or its move- 
ment increased, in order that the 


sensation of warmth may remain un- 
changed. <All eombinations which in- 
identical sensations of warmth 
the 


value. 


duce 


have. of course. same effective 


This 


be computed by means of the charts 


temperature index can 


in bigures | and 2 when the dry and 
wet bulb temperatures and the rate 
of air movement are known. 

The Pittsburgh laboratory has, at 
the present time, developed tWo sepa- 
rate and distinet effeetive temperature 
The 


seale (lig. 1) was determined by sub- 


seales, first (6) (7) or” basie 


jects stripped to the waist and applies 
to hot The 


or normal seale (lig. 2) is of 


industries, second (8) 
more 
practical importance, because it ap- 


plies to men normally clothed. In 
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both studies the subjects were ep. 
gaged in light occupations. 


Controversy on the Kata-Thermomete 
and the Effective Temperature 
Inde v 


In a recent paper (9), Vernon takes 
exception both to the experimental 
procedure and to the interpretation of 
the Pittsburgh results, stating that 
the method by which the effective 
temperature index was determined 
was unnatural and therefore imprac- 
that the index takes no 
acclimatization. Vernon 
that “the kata 


probably yields as fair an index 


tical and 
account of 
therefore concludes 
comfort as is obtainable.’’ 

Vernon’s have 
It was 
tempera- 


‘These eriticisms of 
been discussed elsewhere (10). 
that the 
ture index was based fundamentally 


shown effective 


on a sound physiologic — principle, 


namely. 


. 


that all bodily responses to 
are initiated 
the temperature 
The practical 
effective temperature 


, 


atmospheric heat and 
mediated through 
of the 
value of the 


index was demonstrated and it 


senses skin. 
was 
shown that the conflicting results ob- 
tained by the two methods could he 
harmonized quantitatively by chang- 
ing Vernon’s data, obtained with the 
kata, to allow for the influence of 
clothing, humidity, and air movement 

In one of the controversial papers 
(9), Vernon’s statements seem to dis- 
the 
formerly taken. 


agree with exceptions he has 
Under the captior 
(p. 400) “‘Ieffeetive Temperature as 
Measure of Actual 
Body,” he states: “I 


made a number of observations on t! 


( ‘ooling of thi 


have recently 


movement by 


cooling ettect of alr 














EFFECTIVE TEMP 


‘rely different method, and my 
~~ , .. 

lis jn so far as they are compara- 
are in good agreement with the 
ive temperature data.” In a 


- 


eeent paper (11, p. 39) he 
“inrormation tending to sup- 
he correctness of efiective tem- 
- . } ~” f wry? y 4 «el ,r) 

3 Aan Mmdexrn OF COMIOrl Wien 


4 


ets are resting or doing very 
ee ae kala hans pide 
rk owas obtained by us in an 
manner. [In his opinion, 
oa a ae ae 
this index does not hold 
vy muscular work 1s. per- 


This last eriticism of Ver- 


comfort zone for men stripped 
waist (12) was determined at 
horatory from eighty-five experl- 
ubieets (men). As will be 
‘igure 1, it comprises effective 
ratures between 66° and 82° on 
sic scale. The most probable 
in appears to be 72.5°. These 


take into consideration both 
and seasonal acclimatization. 
al changes in adaptation to 
pherie conditions were accounted 


keeping the temperature Ccon- 


r one-half to three-quarters of 
our before recording the subjects’ 
ions. This period seemed to be 
nt to overcome the influence 
revious environments in the case 
au stripped to the waist. 


' 
| 


changes in adaptation to 
were accounted for by earry- 
ur experiments both in sum- 

winter. Under the eondi- 


| 


(nese experiments, we 1a 


~_— 


. ] . } “— 
' . { ; , 
CvVigadence OF seasonal accil- 


. 
4 
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The comfort zone for people 
normally clothed (13) is shown in 
Kgure 2. It was determined at the 
Pittsburgh laboratory by 1380 subjects 
of both sexes, engaged in different 
occupations and wearing different 
types of indoor winter clothing. Con- 
ditions of maximum comfort are 
repr sented by the 66° effeetive tem- 
perature line on the normal scale. 
This zone applies to average American 
men and women living in the broad 
geographic belt across the United 
States in which central heating is 
necessary in winter. It does not 
apply to climates, clothing, and heat- 
ing standards like those of Great 
sritain. In our opinion, the British 


; 
he Amerli- 


comfort zone is lower than t 
ean zone, largely on account of the 
difference in clothing, particularly in 
undereclothing, worn in the two coun- 
tries. In the United States, men 
generally wear medium weight or 
thin cotton underwear the year 
around. This we ascertained from a 
statistical study recently completed 
by this laboratory. Woolen under- 
wear is seldom worn in the United 
States, beeause it is uncomfortable 
where the temperature of homes, 
offices, and factories is maintained at 
65° to 75‘ 

Vernon (9, p. 393) attributes the 
variation of the British comfort zone 
to acclimatization, although in another 
paper (14) he gives an excellent dis- 
cussion on the effeets of clothing. 

{7 


' , , }] 
uence of ¢ lothing Oli Uri 


(omtort Zon 


J 
Lil 


The influence of clothing on the 


. ,* 7 
COoOmMwOort Zone Can he studak a DV com- 
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hic. 1—Thermometric chart showing ,basie seale of effective tem- 


perat EG. 
Eram ple in U/ é of Chart 


Given dry bulb S0°, wet bulb 65°, velocity of air 50 feet per minute. 
1. Draw line AB. Its intersection with the 50-foot velocity curve at D 
gives 70° for the effective temperature of the condition. 
2. Follow line AB to C and read 71.6° for the effective temperature with 
still air. 
3. The cooling produced by the movement of the air is: 
71.6° — 70 1.6° effective temperature. 


paring the zones in Figures 1 and 2, required for comfort when ordinar 





as is done in Table 1. It will be ob- indoor winter clothing is worl 


served that a temperature of 70° is whereas, with men stripped to th | 
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l'ra. 2.—Thermometric chart showing normal scale of effective 
temperature. 
Example in Use of Chart 


Given dry bulb 76°, wet bulb 62°, velocity of air 100 feet per 
minute, determine: (1) effective temperature of the condition; 


‘) 


2) effective temperature with still air; (3) cooling produced by 
the movement of the air; (4) velocity necessary to reduce the 


condition to 66° effective temperature. 

l. Draw line AB through given dry and wet bulb temperatures. 
Its intersection with the 100-foot velocity curve gives 69° for the 
effective temperature of the condition. 

2. Follow line AB to the right to its intersection with the 0 
velocity line, and read 70.4° for the effective temperature with 

l alr. 


t]li 
3. The cooling produced bi 


3 vy the movement of the air is: 
70.4 69 1.4° effective temperature. 

t. Follow line AB to the left until it crosses the 66° effective 
temperature line. Interpolate velocity value of 340 feet per 
minute, to which the movement of the air must be increased for 
maximum comfort. 


d01 
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waist, the temperature must be in- to which clothing affects the sensation. 
ereased to SO°, of warmth. 


TABLE 1.—EFFECT OF CLOTHING ON TEMPERATURE LIMITS OF COMFOp 
LONE 


rT) } j 
ivf ai 


ive humidity 50 per cent.) 


DRY BULB TEM] 
ATURE (°F 


ee . 
a SUBJECTIVE = > vo S 
COMFOR' 1! ZQO° } LIMITS . = tnd o> 
SENSATIONS — = 

A - : 

et = 
—— a 7 re 

L f 
Probable lowest ..| Cold 62.3 72.0 
Probable optimum .| Very comfortable 70.0 SOO 
Probable highest .....| Loo warm S00 91.8 


\ccording to the Pittsburgh experiments (13). 


t ] : c as oa 1*> . ng 
notrner exper lments | 2). we found ; tT) , 
| sla PHYSIOLOGIC RESPONSES OF ME? 


at, when the subjeets were dressed es te ’ a . See eee 
' =s ” : Rest IN RELATION TO EFFECTIVI 
" 
according to the season, the most ah Si sntticneicdls 
Tea | TEMPERATURE 
probable optimum temperature in 
summer was about 6° higher than that The effective temperature inde: 


In winter. Apparently this was due which was derived from. sensations 


largely to clothing and to a= less perceived through the temperatul 
degree to acclimatization. senses of the skin, not only indicates 


Vernon arrives at the same general sensations of warmth, but also deté 
conclusion by kata, He states mines the physiologic reactions of th 
(4, p. of) % to produce a body, in so far as such reactions ar 
given sensation of air movement in governed by the physical condition 0! 
winter requir da cooling power about the air. At the Pittsburgh laborator 


one unit higher than that required in 15) (16) (17) we have studied 1 


summer. 77/ as due to accliima- phase thoroughly on men stripped 


tization. “Ll Webeheve,there- the waist. both at rest and at we 


lore, that In overemphasizing the in- Che data for men at rest, P1iVvel 
Huenc Oot acchmatization, Vernon lLigures 5 to 6, show that the phys 
underestimates the inportanee oat logic reactions follow closely the efie 


clothing in) this Instance. although he tive temperature scale, 


himself has shown the marked extent It will be observed that no appr 


clable changes occur until the effect 


Italics are mine.—C. P. \ temperature approaches 90°. W 
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‘emperature is exceeded, the body 
rently loses its heat equilibrium 


+ +—4+— + —4-—-+-— 0 —- » + 


aes sess. 
ee ee ee ee ee ee eee 


a 
EFFECTIVE TEMPERATURES 


3 —Correlation of effective tempera- 
ith the rate of rise in rectal tem- 
I’. per hour: subjects at rest. 
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EFFECTIVE TEMPERATURE 


t—Correlation of effective tem- 
ture with the rate of increase in pulse 
juency—beats per minute per hour; 
jects at rest. 


’ | 


ihe physiologic responses increase, 
in direct proportion to effective 

rature, but at a much more 
il rate. For men at rest and 
pped to the waist, therefore, the 

limit of ability to compensate 
itmospherie heat lies around 90° 
vi temperature. 

lane (18) had previously con- 
lded that the limit of endurance 


similar conditions of exposure 





was in the neighborhood of S8°F. 


wet bulb, regardless of any other 


? 


t 


physical air factor. 


This is true only 
vhen the air is nearly saturated with 


moisture, that is, when both the dry 


< 





and the wet bulb temperatures are 
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EFFECTIVE TEMPERATURE 


ic. 5.—Correlation of effective tem- 
perature with the skin temperature after 
exposure of one hour subjects at rest. 


the same. With a wet bulb tempera- 
ture of 88° but a dry bulb tempera- 
ture of 140°, as can be seen from 
ligures 3 and 4, the body temperature 
will rise at the rate of 1.4°F. an hour 
and the pulse rate will increase at the 
rate of 25 beats a minute each hour, 
because the effective temperature 1s 
no longer 88° but 97.5°. Further 
evidence on this point is given in 
Table 2, which shows that, with con- 
stant effective temperature, the physi- 
ologie responses remain constant, 
whereas the dry and wet bulb tem- 
peratures, the relative humidity, and 
the dew point temperatures vary con- 
Therefore Haldane’s state- 
ment should be modified by substitut- 


siderably. 


ing the words “‘efiective temperature’ 


for ‘‘wet bulb temperature.” 
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TEST ROOM CONDITIONS 


| Relative 
‘Humidity 


PHYSIOLOGIC RESPONSES OF MEN AT REST IN RELATION 
EEFECTIVE TEMPERATURE 


‘Dew Point 


|Tempera- | 


| ture 


PHYSIOLOGIC 
RESPONSES 


Rise in 


L\) 


Rectal | Increas, 
< : Das 
|Tempera-| we ulse 

Rate 


TEST NO. ; 
I'ffective | Dry Bulb | Wet Bulb 
Tempera- | Tempera- | Tempera- 

ture ture ture 

ij F. I 

56 106.0 106.0 106.0 
42 106. 2 120.0 104.6 
S() 106.4 157.0 100. 4 
53 101.3 102. ] 101. 2 
76 LOLS 129.3 97.5 
7s 1O1. 1 130.0 96. 4 
79 101.2 146.0 93.6 
4-4 95. ] 97.1 94.6 
5S Q4 9 106.0 92.2 
74 95.2 120.0 S92 
s] G5. ] 144.7 81.8 


Li 


Metabolism Re lation to 


T WN Pe ratiwyre and the ( omftort Zone 


EB it ctive 


aA 


ligure 6 shows the basal metabolic 
at different 
Contrary to what might have 


rate effective tempera- 


tures. 
been expected, the basal metabolie 
high 


rate increases with exposure to 


————————————— 
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EFFECTIVE TEMPERATURE 
kia. 6. Correlation of effective tempera- 
ture with metabolic rate. Solid line repre- 
sents the basal metabolic rate. Broken 


and 


line shows the effect of regular meals 
Sitting posture. 


ture 


°F. /hr. 


beats pn 
| moin./hr 


( / “7. 
106.0 | 


100 4.27 105 
60 102.2 4.70 128 
15 89.1 4.60 124 
99 101.1 2.53 56 
30 91.1 2.45 52 
30 &9.4 2.44 54 
15 SO. 1 1.90 43 
9] 94.1 0.85 ] 
60 89.0 0.72 10 
30 81.0 0.87 14 
y 4.0 0.79 13 


temperatures as well as with exposure 


to temperatures below the normal. 
The increase at high temperatures is 


probably due to the warming of the 


body cells and the consequent in- 
crease in their chemical activity. 
Between effective temperatures of 75 
and 83° les a zone of minimum 


metabolism. This fact is important 


beeause it indicates that basal metab 


1 


os 


olism should be measured within thi 
zone in order to eliminate the influ- 


ence of the physical environment. 
The dotted line in Figure 6 shows 


the increase in metabolism due to food 
and to sitting posture. These data 
under conditions of 
exposure similar to those in the com- 


were obtained 
fort zone experiments with subjects 
It is interest- 
ing to note that the zone of minimum 
metabolism is identical with that o! 


stripped to the waist. 
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baa 


»V yyfort. Apparently metabolism and and in consequence react only to 


7 1} 
rt are closely related. wet bulb temperature. 


ar 


Se 


IC Until recently, we ourselves ques- 
1S YSIOLOGIC RESPONSES OF MEN AT tioned the validi 
RK IN RELATION TO i4FFECTIVE temperature index in instances in- 
"reas, TEMPERAT TRE vols ‘. iL. 


Py] fing heavy muscular work, since 


=> 


—_ Cy ani 
vy of the effective 


« 


- 1 . ’ ’ 


tate one of his papers (11), Vernon the index was determined by subjects 
] : Se ate 'y eee ee ha Se pcicaiacl ry 7. 
lata on the working capacity 01 Cnsagea WM ULNt Works. he latest 
. . ° ° ’ Ty*y . 1 ' , 
winners In high temperatures. experiments AI bile lItCS! uren i vwhora- 


concludes from these (p. 30) that tory (19), however, prove that the 
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Pittsburgh laboratory (16) (17) on the 


physiologic reactions of men working 


and moving 
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ature 


WOrkK. 
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SUDIECCLS i 
é 


at a rate of 90,000 foot pounds per 
hour in atmospheres of different tem- 
peratures and humidities with still 
is significant to 


— 


alr. [It 1s 
the 


physiologic 


eiose agreemen}t Hbetween 


note 


reactions and effective 
temperature, regardless of dry or wet 
bulb temperature, relative humidity, 


dew 


point temperature, or air 


move- 
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NE 


ment. Even 


hottes 


temperaty 


under the 





conditions, cffective | 
appears to be a more accurate ind 


than wet bulb temperature or 





OlVv' 1) 


other of the physical factors 
the table. 

In the of the 
temperature index, wet bulb tempe, 
ture to constitute the 
index, but, within the limits of te. 
perature which are of practical 
bulb 
always of some significance. 
of 
physiologic 


absence effecti: 


seems 


portance, dry temperature 


Correlations effective tempers. 


ture with responses 
men at work are given in figur 
and 8. These follow 
effective tempcratur 


those 


Ie S} MONSES 


of 


as 


scale 


closely shown  previoi 


(ligs. 3, 4, and 5) for men at rest 


will be observed in Tigures 7 a 
that there is practicalls no chang: 
the physiologic responses until 


effective 


temperature reaches 
which appears to | 
of 
for external temperature during he: 
Possibly 


he set as the extreme limit 


the upper 
men’s ability fully to compens 


SU 


muscular work. 
whieh (’ 

interfering \ 
this 


ceeded, the body OSCS its heat equill 


be endured without 


efficient work. I value is 
] 
l 
' Sp de sae ‘* 
rium and serious physiologie reactio 
result, unless intermittent periods 


rest are allowed for cooling off. 


Acclimatization to High Te Mp rail 
and Adaptation to Muscular 


Exercise 


In hot industries, especially in thos 


involving heavy physical exertio! 


acclimatization and adaptability 
muscular work should be taken int 


account. The first consists in ma! 











shility to adapt himself to changes in 

atmospheric conditions; the second, in 

his ability to train his muscles to 

‘form a particular type of work. 

if a man of sedentary habits were 

led upon to perform heavy manual 
rin a hot atmosphere, his physio- 





- 


sje reactions would be much more 
severe than those of men accustomed 

high temperatures and heavy 
manual work, until he too became 
adapted to those conditions. We 
found acclimatization to be so im- 
portant at high temperatures that, in 
| our experiments, the subjects 
lerwent a severe course of train- 
efore their data were accepted 


o 09 
Qh 
Claw. 


RK QOvTPUT IN RELATION TO 
EFFECTIVE TEMPERATURE 


‘igure 9 illustrates the financial 
ificance of maintaining proper 
mperature conditions in industries. 
Between effective temperatures of 40° 
7), the amount of work per- 
d is practically constant, in 
spite of the fact that sensations of 
ort vary. Above 75°, the output 

olf gradually until 80° is ex- 
when the fall becomes very 

i. According to these data, men 


Cail 


produce almost twice as much 
work at an effective temperature of 
(0” as they can at 93°. Since this 
| condition is not uncommonly 
ent in hot industries like mining 
steel industry, the practical 
‘ance of reducing the tempera- 
level is apparent. 
om ligures 7, 8, and 9, we con- 
nat, in heavy industrial occupa- 
it is inadvisable, both from the 


{ 


1 view of efficient operation 
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and from the point of view of the 
health and comfort of the workers, to 
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CFFECTIVE TEMPERATURE 


hia. 9—Work output in conditions of 
different effective temperatures. 


allow the effective temperature to 
exceed the SO° limit: and that, in 
order to secure the best results, this 


=e 


limit should be reduced to 753°. 


Tn flu ice of A Li" Move Pile nt and of 
Clothing on Output 


The beneficial effect of air move- 
ment in increasing the output is 
shown in Figure 10. At dry bulb 
temperatures from 90° to 110°, an 
air movement of 350 feet a minute 
increased the output roughly 70 per 
cent. when the work is based on equal 
increase in the pulse rate, and roughly 
30 per cent. when based on equal rise 
in rectal temperature. As an average, 
the output almost doubled when the 
air movement was 350 feet a minute. 
Above 110° dry bulb, the benefit de- 
rived from air movement becomes 
smaller and smaller, because the effec- 
tive temperature approaches the tem- 
perature of the body. 


Clothing also is an important factor, 


as has already been pointed out in 
connection with the comfort zone. 
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In another paper (8, p. 98) it was 


shown that ordinary clothing reduces 
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ORY BULB TEMPERATURE 


hia. 10 [nfluenece of air movement (350 
feet per minute) on work output. 


the cooling power of the air by 50 
per cent. as compared with data ob- 
tained on men stripped to the waist. 
The importance of stripping to the 
hot industries is 
the effective 
does not exceed the temperature of 
the body. 


waist In obvious, 


provided temperature 


("ONCLUSIONS 


In industrial establishments where 
temperature is an important factor, 
it is advisable to judge the working 
conditions in terms of effective tem- 
perature. I¢ffeetive temperature can 
be computed from dry and wet bulb 
temperatures and from the velocity of 
the air; it is the most exact index we 
been able to devise for 


have yet 


evaluating the thermal condition of 
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HYGIENE 
the atmosphere. All measurable phys. 
1ologie effects of the physical environ. 
ment for men at rest and at work coy. 
relate well with this 
when profuse perspiration comes jpt, 


index. Fy, 


play, effective temperature continues 
to be a more accurate index than we 
bulb temperature. 

Under special conditions and withiy 
narrow limits, the kata-thermomete; 
constitutes a fair index of the therma| 
the atmosphere, 
though it requires empirical gradua- 


-_ 


conditions of : 


} 
41 


tion. In most instances, however, its 
thermal properties differ so much 
from those of the human body that 
is doubtful whether it can be com- 
pared in accuracy with the effectiy 
temperature index. 


+ 


lor the average American sedentary | 
worker, an effective temperature of 6b 
on the basic scale proves most satis- 





factory. This value varies, however, | 
to some extent with the season. In 
hot industries where light work is 
being carried on, the upper limit of 
one’s ability to compensate for externa. 
temperature Is an effective tempera- 
ture of about 90°; in occupations in- 
volving hard manual labor, the limi 
is about SO°. 

Provided the effective temperatur 
is below 99°, the atmospheric condl- 
tions in hot 
proved by 


industries can be im- 
increasing the velocity of 
the air and by reducing the amount 0! 
clothing worn. Cooling the air | 
means of adiabatic saturation is als 


advantageous in industries where th 


temperature is very high and t! 
humidity is low. ‘These are 


simplest and most economical methods 
available. If they fail to produce t! 
desired improvement, resort must 


had to refrigeration. 








13. 


14, 


EFFECTIVE TEMPERATURE INDEX 309 


HouGcnTen, F. C., ann YAGLOGLOU, 
C. P.: Determination of the Comfort 
Zone. Tr. Am. Soc. Heating and 
Ventil. Eng., 1923, 29, 361. 

VERNON, H. M.: The Influence’ of 
Temperature, Air Velocity, and 
Clothing on the Rate of Cooling of the 
Human Body. Med. Res. Council, 
Special Rep. Series No. 100, p. 59. 
London, Il. M. Stationery Office, 1926. 

McConneE.i, W. J., AND HOUGHTEN, 
I’. C.: Some Physiological Reactions 
to High Temperatures and Humidi- 
ties. Tr. Am. Soe. Heating and 
Ventil. Eng., 1923, 29, 129. 

McConneE.u, W. J., Houeuten, F. C. 
AND YAGLOGLOU, C. P.: Air Motion 
High ‘Temperatures and Various 
Humidities—Reaction on Human 
Beings. Jbid., 1924, 30, 167. 


) 


’ 


> phys. BIBLIOGRAPHY 
1V1rop- / Sixth Annual Report of the Industrial 
rk . | fatigue Research Board to 3lst 
“i December, 1925, p. 54. London, 
# iat HM. Stationery Office, 1926. 
Sl yac tou, C. P.: The Thermal Index of 
tinues \tmospherie Conditions and its Ap- 
AN Wwe nlication to Sedentary and to In- 
dustrial Life. Tuis Jour., 1926, 
wit! a ’ 
Hit. L. AND Orners: The Kata- 
anever Thermometer in Studies of Body 
Lleorma Heat and Efficiency. Med. Res. 
Pq). Council, Special Rep. Series No. 73. 
ad) London, H. M. Stationery Office, 1923. 
er Vernon, H. M., Beprorp, T., AND 
i Warner, C. G.: The Influence of 
muel Cooling Power and of Variability 
hat i of Air Currents on Sensations of 
com- \ir Movement. Med. Res. Council, 
ectivs Special Rep. Series No. 100, p. 3 
- London, H. M. Stationery Office, 1926. 





McCOoNNELL, W. J., AND YAGLOGLOU, 
nval | (. P.: The Kata Thermometer: Its 


Satis- | Health Rep., 1924, 39, 2293. 

abe HovucnTen, F. C., AND YAGLOGLOU, 
7 | C. P.: Determining Lines of Equal 

ee Comfort. Tr. Am. Soe. Heating and 

Se IS | Ventil. Eng., 1923, 29, 163. 

ut of 7. YAGLOGLOU, C. P., AND MILLER, W. E.: 

ernal Effective Temperature Applied to 

pera- Industrial Ventilation Problems. 

| Ibid.. 1924. 30, 339. 

P aGLoU, C. P., aNnp Miuuer, W. E.: 
mt l-ffeetive Temperature with Clothing. 
fbid., 1925, 31, S9. 
tur J. Vernon, H. M.: Is Effective Tempera- 
ie. ture or Cooling Power the Better 
. Index of Comfort? Tus Jour., 1926, 

im 8, 392. 
*. \GLOU, C. P.: Effective Temperature 
nt ol versus Kata-Thermometer: A Reply 
to H. M. Vernon. Jbid., p. 402. 

‘ Vernon, H. M., anp Breprorp, T.: 
1 The Relation of Atmospheric Condi- 
‘ tions to the Working Capacity and the 

\ecident tate of Coal Miners. 
indust. Fatigue Res. Board, tep. 
hods No. 39. London, H. M. Stationery 
. 4 Utice, 1927 
. GLou, C. P.: The Comfort Zone for 


Rest and Stripped to the 


‘aist. Tus Jowur.. 1927, 9, 25 


aw 


17. 


18. 


19. 


McConnELiL, W. J., AND YAGLOGLOU, 
C. P.: Correlation of Skin Tempera- 
tures and Physiological Reactions. 
Ibid., p. 305. 

McCoNNELL, W. J., AND YAGLOGLOU, 
C. P.: Basal Metabolism as Affected 
by Atmospheric Conditions. Arch. 
Int. Med., 1925, 36, 382. 

YaGLoGLovu, C. P.: The Heat Given 
Up by the Iluman Body and its Effect 
on Heating and Ventilating Problems. 
Tr. Am. Soc. Heating and Ventil. 
Eng., 1924, 30, 365. 

McConnELL, W. J., AND YAGLOU, C 
P.: Work Tests Conducted in Atmos- 
pheres of High Temperatures and 
Various Humidities in Still and 
Moving Air. Jbid., 1925, 31, 101. 

McConnEL1L, W. J., AND YAGLOU, C 
P.: Work Tests Conducted in Atmos- 
pheres of Low Temperatures in Still 
and Moving Air. Jour. Am. Soc. 
Heating and Ventil. Eng., 1926, 32, 
379. 

HALDANE, J. S.: The Influence of High 
Air Temperatures. No. 1. Jour. 
Hyg., 1905, 5, 494. 

HovuGutTeENn, F. C., TeEacue, W. W., anno 
Mitier, W. E.: Effective Tempera- 
ture for Persons Lightly Clothed and 
Working in Still Air. Jour. Am. 
Soc. Heating and Ventil. Ieng., 1926, 


> me 


$2, tio 





ena oe 














BOOK REVIEWS 


pER Havur 
GEWERBLICHE 


Dik SCHADIGUNGEN 
BERUE I 


DURCH 


ND ARBEIT. 


Ndited by Karl Ullmann, Moriz Oppen- 


heim, and J. H. Rille. Paper. Volume 
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567 with illustrations, and colored plates, 
title pages, and contents. Leipzig: Leo- 
pold Voss. 1926.! 


Trvb deseribes the pathologic con- 
ditions affeeting workers of the milk 
industry. The etiology of these dis- 
eases Is partly mechanical, partly in- 
fectious. Reeently Arzt deseribed a 
condition ealled Tylositas symmetrica 
hallucis, 


milk the cow aceording to the Swiss 


occurring among workers who 
method. The symmetrical lesions are 
located over the extensor surface of 
the middle phalanx of both thumbs. 
The explanation of the rarity of direct 
transplantation of from 
the cow to milk workers is that 


tuberculosis 
in- 
volvement of the skin of the cow by 
tuberculosis is preceded usually by 
the milk 
glands and the flow of the milk ceases 


extensive involvement of 
before the lesions appear on the skin 
surface. 

While chronic glanders is very com- 
mon among animals, occurring in 90 
per cent. of all the cases, the disease 
almost always runs an acute course in 
man. The the specific 
bacteria oceurs through the skin in the 
majority of the way 
entrance may at times be through the 


invasion of 


eases, but 


of 


gastro-intestinal canal. Chronie gas- 


tric or intestinal uleers with regional 


‘kor review of 
Thuis Jour., 1925. 


pp. 288 and 364 


previous sections 
vol. 7, p. 43; 1926, vol 


see 


SS, 


S10 





lymph node involvement are not rare 
as a result of this infection. 
Anthrax, according to Rebentisch. 
is primarily an occupational diseas: 
Interesting graphic presentation js 
given of the efficacy of the early serum 
treatment. Absolute rest of the en- 
tire body and especially of the part 
involved, aside from the specific treat- 
ment, is very important. This princi- 
ple is carried out so efficiently by the 
(Chilean Indians, among whom the 
that anthrax is 
not considered a serious condition 
of Cineinnati 
blastomycosis of the skin. 
dition 


disease 1S common, 


Ravogli writes on 
This con- 
occurs among workers whose 
occupation brings them in contact 
with with furs. There 
illustrations of the 

manifestations of 
Valuable detailed ac- 
count is given of the morphologic 
and cultural the 
pathogenic fungi of the skin lesions. 


Blastomycosis of the skin and rarely 


animals 
instructive 
different clinical 
blastomycosis. 


or 
are 


characteristics of 


of the viscera is observed occasionally 
among sugar beet workers, and it is of 
interest that the pathogenic fung! 
may be obtained in pure culture from 
the beets. 

In the chapter on pellagra, Oppen- 
heim emphasizes the obscurity of the 
etiologic factors of this disease. 

Our knowledge of the general pa- 


thology of dermatitis venenata 1s still 
very meager according to Perutz 0! 
Vienna. We are just beginning t 


understand th 


Ol 


certain aspects 


mechanism of the disease. 
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A detailed account is given by 


Broers of Holland of the morpho- 
logic and chemical mechanism by 
means of which different plants and 
nimals produce skin injuries. There 


an encyclopedic enumeration of 


rious plant and animal toxins pro- 
ucing skin injuries.—Soma Weiss. 
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eim, and J. H. Rille. Paper. Volume 
(ll, Parts 3 to 6 (conclusion), pp. 97- 
308 with illustrations and index, and 
colored plates, title pages, and contents. 
Leipzig: Leopold Voss, 1926. 


Qecupational and industrial injuries 
the skin represent one of the most 
resting and important chapters 
‘ndustrial hygiene. Never before 
this phase of skin pathology been 


7 
; 


liscussed and presented more clearly 


| thoroughly than it has been within 
l 


] 7 
ese tTnree voiumes. 


The numerous 
istrations and colored plates are 

and clear. Leecause different 
pters discuss various skin injuries 
‘tuced by the same agent, and then 
he same type of injury caused 


frarant fa 
rent tac 


tors, there are certain 
. } ’ als . ; 

ons in the work. Such repe- 
ms are, however, almost unavoid- 


it is, of course, regrettable that 


no more effort was made on the part 


TNO 
id 


writers to discuss the various 
lons of the skin on a general physio- 
rie basis. But, after all, the lack of 
accomplishment is simply a 
onstration of our present ignorance 
the physiologic and_ pathologie 
vior of the skin. 
in the seeond half of Volume if], 


ch completes this comprehensive 


' or review of previous sections see foot- 
Dp. 510. 
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oll 


work, Koelsch deseribes industrial 
diseases of the superficial mucous 
membranes and of the teeth. These 
injuries are common among metal and 
stone workers. Particles of different 
substances produce injuries of varying 
severity in the eye. Iron, glass, or 
stone particles precipitate relatively 
shght inflammatory reactions in the 
eye, while copper particles are apt to 
produce extensive and long-persisting 
inflammation. [Electric shock may 
cause diffuse opacity of the cornea 
and of the lens. Chronie lesions over 
the buccal aspect of the mucous mem- 


frequently among 


branes oecur quite 
glass blowers. These lesions may re- 
semble syphilitic plaques. Conjunc- 
tivitis caused by heat heals slowly. 


“Nlolecular necrosis’? of the teeth is 
very common among workers of the 
Inorganic acid industry. The con- 
dition is caused by the decaleifying 
effect of acid vapors present in the 
atmosphere. This process destroys 
the teeth practically completely within 
two or three years. Phosphorus pol- 
soning produces a generalized sclerotic 
periostitis; as result of this condition 
the bones become less resistant to 
injuries, and infections spread easily. 
The jaw is more frequently than any 
other bone the seat of such rapidly 
progressing osteomyelitis, simply be- 
cause there is in the carious teeth 
which are commonly present a con- 
stantly open door for infections within 
this bone. Among the chemical de- 
rivatives of chromium, the alkalichro- 
mates and chromic acid are very 
important. Workers of this industry 
frequently develop conjunctivitis and 
uleers over the mucous membranes of 
the external auditory meatus, of the 
nose, pharynx, and even of the tonsils. 








ne A 
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Perforation of the nasal septum, oc- 
casionally associated with necrosis of 
the bony parts of the nose, is quite 
workers. 
Over 75 per cent. of the workers in 


common among chromium 
the industry employed for over one 


year show perforations of the nasal 


septum. Lesions caused by other 
' . rixy 
heavy metals are described. ‘The 


of the teeth of 


workers with sugars 1s caused by the 


“molecular necrosis” 
changing of the sugar which 1s con- 
stantly present over and between the 
teeth into organic acids by the micro- 
organisms of the mouth. This necro- 
sis is therefore an “acid necrosis” in 
its final analysis. 

Hessberg describes the injuries. to 
the eyes caused by industry and occu- 
pations. There are numerous Instruc- 
tive illustrations in this chapter. 

Ullmann of Vienna writes an excel- 
lent chapter on the question of cancer 
of the skin as related to oecupational 
that this 
phase of pathology is an exceedingly 


injuries. He points out 
important one from the point of view 
of the study of the etiology and mech- 
anism of the development of cancer. 
Here we have an opportunity to ob- 
serve lesions in the benign or in the 
precancerous state for a long time. 
As early as 1780 Percival Pott, by 
describing soot cancer as “chimney 
sweeps’ cancer,” brought out the con- 
nection between occupation and malig- 
nant tumors. llowever, there was no 
progress in our knowledge on this sub- 
ject until almost a century later, when 


Volkmann in 1875 and Villmanns in 
ISSO, with their descriptions of can- 
cerous tumors produced by occupa- 
tions connected with paraffin and coal 


tar, gave 


new impetus to the field. 
Today we know of a number of exter- 
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nal factors which may precipitate can- 
cerous lesions of the skin; still, studies 
of the occupational statistics give little 
or no help in clarifying the relation- 
ship between occupation and cancer 
of the skin. 

Very important, from both the theo- 
retical and the practical points of view, 
is the problem whether or not a single 
trauma may result in subsequent car- 
cinoma. The question has also im- 
aspects. That 
cancerous growths were repeatedly ob- 


portant medicolegal 


served at the site of a definite acute 
injury of the skin, occasionally as soon 


as two or three months after the 
Injury, cannot be doubted. Whether 
the injury caused the cancer, or 


whether it simply precipitated the 
growth over a “‘predisposed area,”’ can- 


lm- 


portant, also, are the observations of 


not be stated with certainty. 


cancerous growths originating from 
the sear tissue following a simple 
trauma. One must therefore con- 
clude that, even in the face of the 
previously prevailing skepticism, deh- 
nite relation between single traumatic 


injury of the skin and cancerous 
growth exists in some instances. There 


are, of course, numerous examples oi 
chronic and repeated injuries causing 
Certain skin 
areas predispose to malignant growths 
caused by chronic irritations. 

Aside from mechanical and chronic 
chemical irritation, chronic radiation 


carcinoma of the skin. 


of the skin by heat and light may pre- 


cipitate cancer. A remarkable illus- 
tration of the chronic heat factor is 


kaneri cancer. ‘The kangri is a vessel, 


filled with red-hot wood coals, which 1s 
carried as a thermophore between the 
thighs of the peddiers of Kashmir. 


rvs} ; i . , 
A 112 chronie 


irritation of the skin by 
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heat produces first quite characteris- 
tic precancerous changes; later an epi- 
thelioma over the inner surface of the 
thigh or over the lower aspect of the 
abdomen. Whether, aside from the 
primary heat factor, secondary infec- 
tions of the necrotic areas play an 
important role in the precipitation of 
this epithelioma cannot be 
stated with certainty, but Neve, who 
is an authority on this disease, 


type of 


denies 
In 1910 
tumors in the 


the importance of infection. 
he observed 3,182 
sion Hospital of Kashmir, among 
which 1,720 were of malignant nature, 
and of these 1,189 were epitheliomas, 
' | 963 of the epitheliomas were typ!- 


Mis- 


and ‘ 

cal kangri cancers. ‘This may serve as 

an excellent illustration of the role of 

chronie physicochemical factors in the 

precipitation of malignant growths of 

the skin. 
\ 


ii classical illus- 


of other types of skin cancers 


deseription, with 
trations, 
IS also Zlven. 
It is hoped that the completed three 
| their 


volumes will deserved 
everyone 


occupy 
place in the lib 


cerely 


rary of sin- 


interested in industrial hygiene 


and clinical pathology.—Soma Weiss. 
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Davis, Ph. y., in ¢ ‘ollab. 
with Other stati Men! ers of the 
ommittee on Dispens ary Dev elop me nt 
the United Hos Di tal fund otf New 
Cloth. Pp. xvi, 546 with bib- 

pers hv ‘ | ] , \" , , y «|. 
4apny and index.  wsew ors 


and 
yn: Harper ¢: Brothers Publishers, 


this book isthe result of many years 
of r search by th 


nized 


‘author, who is recog- 
as an 


eminent authority on 


dispensaries. In we have the ma- 


i 
‘ure conclusions of a careful observer, 


who has had rare opportunities and a 





wealth of material to draw from, as 
well as able co-workers to supplement 
him in special fields. The industrial 
physician who is determined to make 
his clinic highly effective will glean 
many fine points from this interesting 
book. 

There are thirty-one chapters 
grouped into five sections. ‘The first 
section traces the history of medical 
practice in hospital and clinic and 
outlines the principles of institutional 
practice. 

The second section gives the scope 
of clinic service and the relationship of 
the clinic to public health and com- 
munity health and social agencies. 
‘The growth of clinic service in the last 
twenty-five years 1s well indicated by 
the fact that in 1800 there were about 
150 clinies, and in 1925 the number had 
reached 5,000. At the time 
there are 1,800 hospitals with out- 
patient deparimenis, 220 


and 500 industrial clinies. 


prese nt 


group clinics, 

‘ihe reason 
for this rapid growth in the number of 
elinies is that 


clinics provide more 


effective and economical medical prac- 
tice than can otherwise be obtained. 
The question of so-called 
sary abuse”’ nd figures are 
given from eleven published studies 
which show that only about 


of clinic patients are 


“dispen- 
is discussed a 


2 per cent. 
able to pay. In 
this connection an enlightening table of 
personal income in the United States in 

1918 from the National Bureau of Eco- 
nomic covering 37,569,060 
individuals, shows that 86 per cent. of 
all persons in the United States had 
incomes less than £2,000, 


Research, 


and only 2 


per cent. had over £5,000. <A list of 
average per capita earnings and total 
incomes by states may prove valuable. 
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The question naturally arises: Upon 
what facts or principles is the patients’ 
One 
investigator raises the pertinent ques- 
what of the 
average physician’s patients are “bad 


ability to pay to be determined? 


tion as to percentage 
pay.” 

The third section trea 
The methods here 


ts of manage- 


ment of patients. 
present ed for control of a clinic in order 
to use the physicians’ knowledge and 
skill and for obtaining the best results 
for the patients constitute perhaps the 
greatest contribution which this book 
makes to our knowledge. The ap- 
pointment system budgets the time 
and removes the hurry and confusion 
common in many clinies. The various 
steps are analyzed and sytematically 
planned. In one study of a men’s 
that treatment 


clinic it was found 


“RIAL HYGIENE 


~~ 


involved regulation of ordinary habits 
in 65 per cent. of the patients. 

Section four has to do with genera] 
administration ineluding building 
plans, personnel, records, statistics, 
evaluation of the work, cost account- 
ing and financing. The increase ip 
admission fees and in the number of 
pey clinics gives a trend worthy of 
note and thought. With this may 
well go the mounting cost of dispensary 
care. 

Section five takes up special clinics 
and purposes, 


} 


Those for mental, dental, and venereal] 


7 


diseases and for surgical cases may be 


clinies for various 


of special interest to the industrialist. 

The book contains a well-selected 
bibliography and an index making its 
valuable material readily aecessible.— 


A. B. Emmons. 
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